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To the Honorable the Board of Geological Survey of the 
State of Michigan. 


GENTLEMEN : 

I have much pleasure in submitting to your honorable body 
my final Report, giving the results of the Geological Survey of 
the Lower Peninsula of Michigan, commenced in the spring of 
1873, and prosecuted without interruption during the past four 
years. 

For several reasons, but especially as so many of the results 
of this survey had to be attained through the combination of 
fragmentary observations, made at different times and in far 
separated localities, it was found impossible to call any one to 
my assistance without danger of incurring endless complica- 
tions, and of arriving, in many instances, at most unsatisfactory 
conclusions. . 

Therefore, with exception of the special report on the salt 
production of the State (Appendix B), I may claim the work as 
allmy own. That report has been elaborated by my friend, 
Dr. S.S. Garrigues, the State Salt Inspector, a gentleman who, 
from his long official connection with that industry, must be 
better qualified than any other to treat of it in a work of this 
character. Very respectfully yours, 

C. ROMINGER, 
State Geologist. 

ANN ARBOR, July Ist, 1876. 
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GEOGRAPHICAL POSITION AND SURFACE CONFIGURATION 
OF THE LOWER PENINSULA. 


THE Lower Peninsula of Michigan comprises an area of about 
35,000 square miles. It is situated between 82° 25’ and 86° 50! of 
longitude, west from Greenwich, and 41° 44’ and 45° 47’ of northern 
latitude. 

On the west it is bounded by Lake Michigan, on the north by 
the Straits of Mackinac, on the east by Lake Huron, Lake St. 
Clair and Lake Erie, besides the intermediate, river-like arms con- 
necting the three lakes. 

The southern limits are formed by the State lines of Ohio and 
Indiana. Ina north and south direction, the greatest length of 
the peninsula is two hundred and seventy-five miles. In an east 
and west direction, the greatest width, coincident with a line drawn 
from Port Huron to Grand Haven, is about 200 miles. 

Lake Michigan is 320 miles in length and 100 miles broad at 
the widest part, its total area being 22,000 square miles. Lake 
Huron is 260 miles long; 160 miles is the maximum of its breadth, 
and 20,400 square miles its surface extent. Both lakes have about 
an equal elevation above the ocean level, which is 578 feet. The ele- 
vation of Lake Erie above the ocean is 565 feet. These immense 
sweet-water basins, carved out in some places to a depth of over 
goo feet, are evidently the result of eroding forces, acting on the 
sedimentary strata which once were spread without interruption 
across this entire lacustrine area, and these forces undoubtedly were 
identical with those by which the heavy masses of rock débris, 
known by the name of drift, were accumulated over a large zone 
of the northern hemisphere in this and in other continents. The 
longitudinal axes of Lake Michigan and of Lake Hurom approxi- 
mately have a north and south direction. Coincident with them 
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is the long axis of the Lower Peninsula which they inclose. Its 
north end is indented by two large bays. 

One of them, Little Traverse Bay, extends fourteen miles from 
west to east, with a width in the centre of about six miles; its 
geographical position is in latitude 45° 25’, and longitude 85°, 
at theirintersection in the centre of the bay. Only ashort distance 
south of the small bay is the entrance of Big Traverse Bay, which 
has a north and south direction. Its length from Lighthouse Point 
to Traverse City, situated at the head of the bay, is thirty-four 
miles, its width about ten miles. A landspur, parallel with the 
longitudinal axis of the bay, divides it into two arms; the length 
of the spur is sixteen miles, with a breadth of one to three miles. On 
both sides of the bay, and only a short distance from it, are inland 
lakes of very elongated form, which evidently owe their origin to 
the same erosive forces which carved out the bay. On the east 
side of the peninsula, in the same latitude with Big Traverse Bay, 
Thunder Bay indents the coast ina northwestern direction ; its 
length is about ten miles, equal to the width at the entrance. 
Fifty miles further south is the entrance of Saginaw Bay. Its 
direction is southwest, its length forty-five miles, and its width, be- 
tween Point of Barques and Ottawa Lighthouse Point, twenty-seven 
miles. 

The rise of the peninsula from the level of the lakes is gen- 
erally gradual, and in a few places only is it abrupt. The surface is 
of an undulating, hilly character; the hills are rounded and never 
attain a very great height above the surrounding country. The 
southern part of the peninsula is lower than the northern. The 
swell of the land, forming the water-shed of this southern division, 
coincides with a line drawn in a southwest direction from Port 
Austin at the entrance of Saginaw Bay, to the southwest corner of 
Hillsdale County, where it enters the boundaries of the State of 
Ohio. Within the limits of Tuscola and Sanilac counties, the 
known surface elevation of this water-shed is about 400 feet above 
the lake ; in Lapeer and Oakland counties it rises to 500 feet ; further 
south, in Washtenaw and Jackson counties, it falls again to about 
400 feet; while in Hillsdale, not far from the southern State line, 
some points with an elevation of 600 feet are recorded, but the 
water-shed is probably not over 500 feet high. The ascent from the 
lakes to the height of this water-shed is so gradual that a travel- 
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ler, in crossing the peninsula from either lake to the other, if 
he follows the river valleys, can scarcely perceive it. The northern 
division of the peninsula rises to almost double the height of the 
southern part ; its surface is more broken, and diversified by steeper 
descents toward the lakes from terrace to terrace. Its highest 
points in the vicinity of Otsego Lake are, according to the records 
of the railroad surveys, 1100 feet above the lake level. Otsego 
Lake has a length of about five miles by a width of not quite one 
mile; it lies directly west of Thunder Bay, in the median line, 
and not far from the northern terminus of an extensive high pla- 
teau with undulating surface and an average elevation of from 
700 to 800 feet. 

All the rivers of the northern part of the peninsula have their 
sources within this plateau, which is dotted with a number of in- 
land lakes, some of which, like Lakes Higgins, Houghton, and St. 
Helen’s, are of large size. The terraces by which the descent from 
the plateau is made, form a succession of broad belts; their sides are 
moderately steep and finely timbered ; the lowest are wider, gradu- 
ally slanting toward the shore or overlooking it in bluffs of from 40 to 
60 feet. In some places on the west side, the bluffs are from 100 to 
200 feet high; and Sleeping Bear Point, a promontory facing Lake 
Michigan, west of Big Traverse Bay, is said to have an elevation 
of 500 feet. Opposite this point, twelve miles out in the lake, the 
Manitou Islands rise abruptly to a height of 200 feet above the 
water. South of the second correction line, the plateau rapidly 
declines toward Saginaw Bay. Between the north and south 
parts of the peninsula, a depressed strip of land extends from 
Saginaw Bay to the mouth of Grand River on Lake Michigan, 
having rarely more than 100 feet elevation. Its position is in- 
dicated by the river-beds of Bad River, which comes by its water- 
shed in connection with the headwaters of Maple River, the latter 
emptying into Grand River. An astonishing number of smaller and 
larger inland lakes are found in every part of the peninsula; all 
have crystal-clear water, and the principal supply of the head branch- 
es of our rivers comes from them. The more important rivers, 
collecting the waters of the western slope of the peninsula, are the 
St. Joseph’s River, Kalamazoo River, Grand River, Muskegon River, 
and Manistee River. The three first-named ones have their sources 
in close proximity to the elevated lands of Hillsdale and Jackson 
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counties. From the same swell of land the river Raisin ema- 
nates, flowing eastward into Lake Erie. 

Raisin River enters the lake near Monroe; it drains the southern 
part of Washtenaw County through Saline Creek, Macon Creek, and 
through its main north arm, which, bending west, enters the south- 
east corner of Jackson County, and draws its branches from a 
number of small Jakes. The south branches of the river have 
the drainage of the larger part of Lenawee County, and an arm ex- 
tends southward into the State of Ohio. The west part of Lena- 
wee and thesouth part of Hillsdale counties send a portion of their 
waters southward to the Maumee River in Ohio. The St. Joseph’s 
River, Kalamazoo River, and Grand River almost touch each other 
within the small area of a few square miles in the county of Hills- 
dale. 

The St. Joseph’s River, originating in a number of small lakes 
and marshes in Hillsdale, flows through the southeast corner of 
Calhoun County into Branch County and St. Joseph County. It 
leaves the State at the southwest corner of St. Joseph, and enters 
it again in the southeast corner of Berrien County with a northerly 
direction, to enter finally Lake Michigan at the village of St. Jo- 
seph. 

The streams which form the headwaters of the Kalamazoo 
River take their rise in Scipio, Moscow, and Somerset townships, in 
Hillsdale County. The river runs north to Albion, and flows in a 
due west direction to Kalamazoo, whence it bends northwest, inter- 
secting Allegan County, and falls into Lake Michigan near Sauga- 
tuck. 

Grand River springs from a few lakes in Liberty township, in the 
south part of Jackson County, and from a number of other lakes in 
the northeast quarter of the county. Itrunsnorth through Ingham, 
Eaton, Clinton, Ionia, Kent, and Ottawa counties, when it opens 
near Grand Haven into Lake Michigan. On the east side of this 
water-shed a few more rivers deserve notice. 

Huron River collects its waters from innumerable lakes and 
marshes in Livingston and Oakland counties; first it flows south- 
west; at Dexter it turns southeast and retains this direction, pass- 
ing through Washtenaw and Wayne counties, until it enters Detroit 
River in the northern corner of Monroe County. 

Clinton River drains the eastern part of Oakland County and all 
of Macomb County, entering Lake St. Clair near Mount Clemens. 
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Black River is remarkable for its southern course for nearly fifty 
miles, parallel with the shore of Huron Lake, at a distance of only 
five or six miles from it. It begins in the north part of Sanilac 
County, and enters St. Clair River near Port Huron. 

Saginaw River is the receptacle of a whole system of rivers. By 
the Tittibawassee River, the waters of the north and west, from 
Gladwin, St. Clair, Isabella, and Midland counties, are led into it; 
the Shiawassee River collects from the south, in Livingston and 
Shiawassee counties; Flint River, from the south and southeast, 
in Genesee and Lapeer counties; and, finally, C@ss River brings its 
waters from the northeast and east, gathering them in the coun- 
ties of Tuscola, Huron, and Sanilac. 

The river system of the northern part of the peninsula consists 
of the following rivers : Commencing at the southeast side, we find, 
first, Rifle River and Aux Grees River, which drain the southeast- 
ern shore-belt surrounding the before-mentioned high plateau. 
Sable River is the next largest river north of them. It draws its 
branches right from the heart of the high plateau, and drains Lake 
Otsego in the north end of it. . 

Thunder Bay River, opening into Thunder Bay, spreads its arms 
north, south and west, reaching the foot of the high plateau. She- 
boygan River, on the north end of the peninsula, forms the outlet 
of three large lakes: Black Lake, with an area of about 16 
square miles, Mullett and Burt Lakes, both together with an area 
of about 45 square miles. These lakes are fed by rivers of good 
size. Rainy River and Black River empty into Black Lake; Mullett 
River and Pigeon River into Mullett Lake. On the west side of the 
peninsula. two large rivers deserve to be mentioned yet. Manistee 
River originates very near the headwaters of Au Sable River on the 
east side. Its mouth isat Manistee, a little distance to the north of 
the second correction line. Muskegon River isa still larger river 
than Manistee; its branches extend to the top of the central high 
plateau, and are fed by Higgins and Houghton lakes. The mouth of 
the Muskegon is a short distance south of the first correction line. 

Of all the rivers mentioned, none is navigable. In some cases, 
however, the mouths for a few miles inland from the lake border 
are wide and deep enough to afford harbor for vessels of medium 
size. The water-power afforded by these rivers is ample, and 
those, the branches of which flow through timbered lands, are of 
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vital importance to the lumber business as mediums for the trans- 
portation of felled timber, from otherwise almost inaccessible parts 
of the interior, to ports or railroad stations. 

The greatest portion of our world-renowned stores of pine 
timber would be comparatively worthless to the owners, and to the 
community at large, without these rivers. Their importance can 
only be fairly appreciated by one who has seen with his own eyes 
the lumberman at work. In the fall of the year, hundreds of 
axemen and teamsters, with horses and yokes of oxen, penetrate 
for seventy and eighty miles up the rivers into forest desolation, 
scarcely cuttinga rough, narrow road, which seems impassable for 
man or beast, yet by which, during their stay in the winter, the neces- 
sary supplies are conveyed to them from time to time. Arrived at 
the places with valuable timber, huts are erected, temporary stables 
built for the animals, and the work begins. Tree after tree sinks 
to the ground with its mighty crown under the pitiless strokes of 
their axes. The valuable parts of the trunks are cut into logs of 
proper length, and drawn on sleighs to the nearest creek, where 
they are piled up, until, in spring-time, by the melting of the snow, 
the creeks are swollen into impetuous streams, which are kept back 
and hemmed in by dams. After the water has risen sufficiently, 
the braces holding the logs on the banks are removed, when with 
terrible speed, smashing every thing in their way, they dash 
down into the muddy pond. This being done, the gates of 
the dam are opened, and swiftly glide the logs along with the 
rapid current, accompanied by a crew of men, who remove all ob- 
structions, walking with surprising dexterity to and fro over the 
floating logs. Finally they reach the mouths of the rivers, which 
usually expand into lake-like basins, but are sometimes artificially 
transformed into such. It often occurs that a river-bed for many 
miles up its course is jammed with logs, representing several 
square miles of forest, an interesting and curious sight. There 
are the mills, erected only a few years since, surrounded by acres 
of ground heaped with mountains of sawdust and other refuse ma- 
terial, witnessing the stupendous amount of work performed. On 
entering, what a humming, buzzing from all sides~a gigantic 
beehive ; hundreds of persons at work in admirable order, making 
use of the irresistible steam-power, in the most diversified way, 
without a minute’s loss of time, engine and men working in unison. 
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A log five feet in diameter floats toward the mill; a minute 
more, and, fastened to.a chain, it moves up the slideway, goes 
straight under the saw, and in another minute is converted into 
boards, which, without loss of time, are passed singly through 
the edging machine, coming out ready for the market. Meanwhile, 
before a car is loaded to remove.them to the lumber pile, all the 
edging slabs have been transformed into fence pickets and plaster 
laths, all with the regularity of clock-work. These sights make an 
impression on the mind of a thoughtful spectator which is more 
than simple admiration; he feels overpowered by the wonders which 
man is capable of performing by perseverance and energy, coupled 
with an intelligent use of the forces of nature. 

The rivers have all eroded their valleys into the loose drift masses 
which almost universally cover the surface of the peninsula in great 
thickness. Only in rare instances have they carved deep enough 
to touch the solid rock ledges below the drift; or if such deep cuts 
did ever exist, they have filled them up again with débris, and the 
beds of the present streams lie high above those of former times. 
The peninsula was in its original condition heavily timbered, with the 
exception of a few marshy flats. Climate and quality of the soil 
determined the character of the vegetation. In the southern part 
of the peninsula, deciduous trees, particularly hard-wood timber, 
prevail. Pine is only sporadically intermingled—the mildness of 
the climate favoring the growth of oak, hickory, walnut, poplar, 
etc., which abound here, but become rare further north, where 
beech, maple, and birch take their place. The sandy soil of the 
central high plateau is most congenial for the growth of pine 
forests, which have taken exclusive possession of nearly the entire 
district. The marshy condition of some other places adapt them 
for the tamarack, asp, elm, and willow-tree, or for the growth of 
cedar, while a few parts of the high plateau, proving even too sterile 
for the pine, afford sustenance to nothing more than a stunted, 
scrubby growth of Pinus Banksianus, and a few creeping herbs which 
attempt to hide the barrenness of the scene. Such barrenness has, 
in some instances, been caused by accidental fires, which annihi- 
lated forests of large area, totally denuding the surface, which, when 
of porous sand exposed to the burning rays of the sun and to the 
exsiccating winds, can not for a long time, if ever, recover its former 
well-timbered condition. On more fertile soil, with sufficient moist- 
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ure, the case is different. A few years after a forest is burned 
down it sprouts again with fresh vigor, but the new growth is 
generally of a different kind from that which preceded it. 

To the first settlers of the country, the heavily timbered forests 
were a great impediment; with great labor the trees had to be cut 
down and burned, for no other purpose than to get them out of 
the way. Thissystem of destruction, first suggested by necessity, 
has been continued up to recent times, and while it is true that 
the development of agriculture has been considerably hastened by 
it, yet it is equally true that, in the lower part of the peninsula, 
our forests are reduced to such a degree, unnecessarily in some cases, 
as to render it highly advisable that measures be adopted for the 
preservation of what we have left, otherwise, I fear, our descendants 
will sorely feel the consequences of the unwise husbandry of their 
fathers. 


Chak DEK Un 
GEOLOGICAL STRUCTURE OF THE LOWER PENINSULA. 


(Surface Material.) 


THE entire surface of the peninsula is covered by heavy drift 
deposits, with the exception of a few limited localities, in which the 
drift, subsequent to its deposit, has been washed off by floods, or 
by rivers carving their courses deep enough to touch the rock beds 
of older formations. These drift masses are nearly the same in 
character as those described from the Upper Peninsula in the first 
volume of the geological reports. The material has been changed 
somewhat by an admixture of rock débris from the formations en- 
countered by the moving glaciers in their southward course. The 
glacier drift spread itself in a compact body over the entire surface 
of the Lower Peninsula, in evidence of which fact the rock beds, 
wherever they are found denuded, and the nature of the rock has 
been capable of preserving the marks, bear the traces of its motion 
on their scratched surface. Not all the drift material found on the 
lower peninsula has been transported there by glaciers; a large pro- 
portion of it must have been carried southward by water, partly in 
suspension, as mud and sand, partly frozen into floating ice, as the 
coarser material, the gravel and boulders. 

The glaciers deposited moraines, heaps of rubbish composed of 
all kinds of rock débris in every degree of comminution from the 
large boulder down to the impalpably fine clay. Much of the drift 
is not found in this orderless form of moraines, but is disposed in 
well-stratified layers, assorted according to the weight of its parti- 
cles by water-currents. It is suggested that floods, acting subse- 
quently on the masses of the moraines, sifted and washed the light- 
er transportable particles out of them, to deposit them elsewhere 
as layers of clay, sand, or gravel, but this can not explain all the 
phenomena we observe in the arrangement of the drift material. 
We find large boulders, some of them many tons in weight, in 
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the midst or on top of well-stratified drift layers; this could not 
be if the strata were formed by rearrangement of the moraines; 
but, by the suggestion that a transportation of the material has 
occurred through floods with swimming icebergs, no difficulty 
exists in explaining the position of the hugest blocks within or 
on top of well-stratified layers; while the mud or sand carried 
along by the currents settled down into layers, the large blocks 
carried by the ice over these forming deposits were occasionally 
dropped and became buried or remained lying on the surface. The 
glacier period was only the commencement of the drift transporta- 
tion. A long time of submergence of the land by inundation must 
have followed the glaciers. The surface of the highest points of 
the peninsula, 1100 feet above the level of the lakes, is formed 
of stratified drift sand mixed with pebbles, from which fact 
we must draw the inference that at one time the water had 
reached to this height. By looking at the topographical features of 
the country at present, it is hard to conceive how this could 
happen, and I make no attempt to suggest the mechanical condi- . 
tions by which the water level of the lakes could rise so high; but 
the fact of this occurrence is indisputably proved by the sediments 
left behind by the water; also the terraces found in the circumfer- 
ence of the peninsula at different heights testify the high elevation 
of the lake levels in former times. The waters must have receded 
at different periods for a certain distance, and then kept stationary 
for a while before a further lowering of their level occurred; and 
each of these temporary shore lines is marked bya distinct terrace. 
In many places, such terraces are quite conspicuous, especially so 
those in proximity to the present shore; the higher terraces, more 
remote, are sometimes obscured by dense forests covering their 
slopes, and by the action of atmospheric influences through scores of 
centuries which has rounded and levelled off their former marked 
contours; yet any traveller ascending to the central high plateau 
can not avoid observing that he makes his ascent from terrace to 
terrace. 

The older glacier drift and the later deposits of floods and ice- 
bergs are materially of the same composition; both are made up 
of clay, sand, gravel, and boulders, of the detritus from crystalline 
and metamorphic rocks, mixed with débris of younger sedimen- 
tary strata. The orderless, rubbishy condition of the glacier drift 
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became partially transformed into well-stratified layers by the same 
floods which deposited the superimposed drift beds, whereby they 
became blended to such a degree that a distinction of the older 
and younger drift layers by lithological characters is impossible, 
and can only locally be made by observation of their direct super- 
position. The non-stratified condition of the drift is not confined 
to the lowest beds, but repeats itself in higher positions. The at- 
mospheric influences acting on the loose, non-indurated drift mate- 
rial, instead of sifting and assorting the masses, as sometimes they 
do, often, have the contrary effect ; the stratified condition of the 
superficial masses is obscured by them, and by sliding and other 
similar causes, they become intermingled. But, leaving this altera- 
tion of the surface crust out of consideration, we find extensive 
accumulations of unstratified boulder drift high above other non- 
stratified deposits, and separated from them by well-stratified 
layers of sand and gravel. The coarse boulder drift, covering large 
surfaces of Washtenaw County and of other counties in the 
southern part of the State, occupies this higher position, and 
deeply below it, separated by intervening, well-stratified layers, we 
find other non-stratified masses again. In the ‘high bluffs on 
Huron River, a half mile south.of Ann Arbor, an instance of this 
super position can be directly observed. At the foot of the bluff we 
can see about 60 feet of a dark blue, indurated, sandy clay, mix- 
ed with many smaller pebbles and witha few large boulders, which 
all bear very distinct marks of glacier striation ; the clay has not 
the least sign of gradual deposit lines; it gives the impression of 
a solidified mud-stream. Above it we find well-stratified sand layers 
with discordant bedding and wedge-like intercalations of seams 
of gravel, amounting in all to about 30 or 4o feet. The top of 
they hill cises) at, least® 6o,%0n 80, feet: higher, and all’ of. itis 
formed by non-stratified boulder drift, mixed with clay and sand 
in such proportion as to compose a productive soil on these stony 
hillsides. The boulders of this horizon are partly large granitic 
blocks, or green stones, quartz conglomerates, partly blocks of the 
Trenton, Niagara, Helderberg, or Hamilton group, with charac- 
teristic fossils inclosed ; also, sand-rock slabs of the Waverly group 
and from the coal measures are mingled with the others, all bear- 
ing distinct glacial stria on their surface, but otherwise ‘of sub- 
angular outlines, indicating little wearing by trituration under 
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water. The coarse boulder drift all through the southern part of 
the peninsula appears not to occupy the lowest position, in 
which most frequently a hard, dark blue, sandy clay, with 
pebbles and some boulders intermingled, is found in layers 
of considerable thickness. It is known among laborers by the 
popular name of hard-pan. The beds of clay, sand, and gravel 
in the stratified drift are not deposited in a certain order of 
sequence which would hold good even for limited precincts ; every 
locality has to be studied for itself, and if denudations of larger 
horizontal extent are observed—which opportunity sometimes 
happens in the bluffs of the lake shores—we see constant local 
changes in the details of structure, although in some principal 
features a uniformity of the strata may be perceptible. This irreg- 
ularity in the structure of the stratified drift explains itself, if we 
consider the conditions under which the deposits were formed and 
that the already formed deposits were by subsequent causes re- 
peatedly displaced. During the slow emergence of the peninsula 
from the waters, much of the surface material was shifted about 
by waves and fluctuations of the retiring lake, and when the river 
channels began to form, and deep valleys were carved in all direc- 
tions through the drift masses, immense quantities of material 
became displaced and deposited anew in a different order, governed 
entirely by local circumstances; and this process of destruction 
and building up is to this day in constant operation. 

In the report on the Upper Peninsula, I have described, among 
the drift materials, an impalpably fine red-colored clay deposit of 
considerable thickness, which rests there frequently in immediate 
superposition on the older rock beds, and is in some localities—as, 
for instance, at Au Sable Point, on Lake Superior—overlaid by 300 
feet of sand and gravel beds of the drift. In the drift deposits of 
the Lower Peninsula a similar well-stratified red clay is observed, 
but there it is not found at the base of the drift. It has a higher 
position, and is underlaid by stratified sand and gravel beds, while 
below them follows the non-stratified tough blue clay with pebbles, 
which, in the southern part of the State, is always the lowest 
of the drift. The relative position of this red clay to the other 
drift beds is bést seen in the high bluffs lining the shore in the 
northwest part of the peninsula. The lowest blue gravelly clays, 
in non-stratified condition, are sometimes visible at the base of the 
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bluffs ; above them follow well-stratified sand beds on which the 
red clay beds rest in almost shale-like, laminated form, amounting 
to a thickness of from 30 to 50 feet; usually this clay belt is 
divided by interstratified sand layers into several bands. Certain 
seams of the clay are soap-like, absolutely free from coarse par- 
ticles; others contain numerous pebbles, or are mixed with various 
proportions of sand. The impermeability of this thick clay mass 
to water causes the issue of copious springs along the bluffs above 
the horizon of the clay. The upper part of the bluffs, which locally 
attain a height of 200 feet, is formed of alternating layers of sand 
and gravel in irregular, discordant stratification. The gravel beds 
between the sand strata are often five or six feet thick in the 
centre, and wedge out on both sides into linear seams, which, per- 
haps, further on, may be seen expanding again, or entirely vanish. 
Large boulders are mixed into the strata at all heights, but in cer- 
tain levels of the upper part of the bluffs, boulders are more abun- 
dant, and stratification becomes obscure. On top of the bluffs 
heavy masses of fine sand are deposited, which partly have the 
character of dunes, partly are stratified, aqueous deposits, but of 
much more recent origin than the lower portion of the bluffs. 
Exactly the same exposures of the drift as on the shore of the 
mainland of the peninsula, are seen on the west side of the Mani- 
tou Islands, in connected sections of about 150 feet in height. 
Sleeping Bear Point, a promontory opposite the Manitou Islands, 
on the main shore, said to be of 500 feet elevation, is remarkable 
for its barren, naked surface of a fine, loose sand, without any 
vegetation. Its base is composed of the same drift layers as the 
bluffs further south, of which it is a direct continuation. In many 
other localities of the interior, the same well-stratified red-clay 
beds are uncovered, always holding a position below the principal 
coarse boulder drift. The banks of Cass River, near Vassar, in Tus- 
cola County, or the bed of Muskegon River near Big Rapids, give 
occasion to see the clay beds in their relative position to the 
other drift strata. In a cut of the railroad between the Big Rapids 
and Muskegon, close to the first-named village, an interest- 
ing section through the drift is laid open. Deepest, at the 
bottom of the cut, boulder drift mixed with stiff bluish clay is 
exposed. The large boulders, as well as the smaller pebbles, are 
plainly marked with drift scratches. Above them are about 30 
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feet of sand layers with discordant stratification; the layers are 
bent into tortuous, serpentine flexures. Incumbent on these sand 
beds is a thick coating of apparently non-stratified boulder drift, 
differing from the lower boulder drift by less clayey, more sandy 
constituents, and by having its boulders much less distinctly drift- 
marked. In the surface of the sand deposits, underlying these 
upper boulder drift masses, narrow, acute ravines are observed, 
which are filled with boulder drift. Sections through them are 
laid open by the railroad cut. It seems as if the surface of the 
sand deposits had been exposed for a while to the atmosphere, 
and deep, narrow ravines cut into them by rain-streams, which sub- 
sequently were filled out with the boulder drift, without disturb- 
ing the sharpness of their angular contours. How this was effect- 
ed Iam not prepared to explain. The flexions of the sand strata, 
I suppose, are caused by lateral pressure exerted by sliding of the 
masses. I have frequently observed similarly bent sand deposits 
in other localities—as, for instance, in the bluffs of Manitou Island. 

The incoherent masses of gravel and of sand become in certain 
localities firmly cemented into conglomerates and_ sandstones 
by carbonate of lime, deposited by springs percolating the gravel 
and sand banks. Such conglomerates, forming large,.bulky masses, 
of concretionary form, are abundantly seen in the above-described 
bluffs on the shore of Lake Michigan, and more southward, at the 
mouth of Muskegon and of Kalamazoo rivers; also in the gravel 
pits along the railroad from South Haven to Kalamazoo, and ina 
great number of other places. Near the mouth of Kalamazoo 
River, at Richmond, I have seen such sand rock of the drift in 
very compact, hard ledges, which would make a durable building 
stone. Sometimes we find, instead of lime, the sand or pebbles 
cemented by hydrated sesquioxide of iron, but not in so large 
masses, and always close under the surface, while the calcareous 
conglomerates are often found interstratified with other drift beds 
quite remote from the surface. These ferruginous conglomerates 
have the same origin as bog-iron ores, from springs holding iron 
in solution by means of carbonic acid, and depositing it, in some 
cases, as incrustation over pebbles and sand, and in others, over vege- 
table stems, which subsequently decay and leave the ore in the 
porous condition in which usually it is found. 

Bog iron occurs very frequently in small patches of marsh land 
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in all parts of the State. Several localities are also known where 
ore deposits of larger extent have been discovered, but up to the 
present time no practical use has been made of them, and it is 
questionable whether any of these deposits is of sufficient magni- 
tude to be an inducement for the erection of furnaces, or for their 
mining and transportation to other melting works. 

Calcareous tufa, a deposit of springs, analogous to bog iron, is 
sometimes found in large masses spread over springy hillsides. 
Locally, this tufa is used for lime-burning ; sometimes, however, the 
porous rock mass is sufficiently compact and hard to be used as a 
building stone, but I have not often seen it so employed in Michi- 
gan. 

The bottoms of a number of inland lakes are covered witha 
peculiar modification of calcareous tufa, a white, marly substance, 
in part composed of the shells of sweet-water molluscs, mixed with 
white pulverulent carbonate of lime deposited from solution by the 
lake water. Pine Lake, near Charlevoix, one of the largest lakes 
in the north part of the peninsula, has its entire bottom covered 
by this marl, and to a greater or less extent the same is the case 
with a great many others. I am not aware that any practical use 
- has been made of these shell marls. They would certainly be good 
fertilizers. : 

As another surface deposit, peat has been mentioned. In- 
numerable larger and smaller patches cover the swampy surface 
depressions throughout the whole State. It is formed by a con- 
tinued growth of a certain class of plants in wet places, where, 
submerged, the basal parts of the plants die off, and become de- 
composed and changed into a coaly substance, which accumulates 
sometimes to very great thickness. Peat is at present little used 
in Michigan. Several experiments to prepare it for commerce by 
compressing it with hydraulic machines have given very good 
results, as far as its usefulness and heating qualities are concerned, 
but in the light of a pecuniary transaction the results were less 
favorable. Fuel is too cheap yet, but the time will come when 
peat will be appreciated at its true value. 


CHAPTER ua: 
SOILS OF THE LOWER PENINSULA. 


By the nature and distribution of the drift material, which has 
almost exclusive occupancy of the surface of the peninsula, the 
quality of its soil is determined ; the localities where its character 
is modified by the lower rock formations are of very limited ex- 
tent, and deserve no particular consideration in this place. The 
soil possesses two important requisites for vegetation. It gives to 
the plant a secure hold in its position, and furnishes to the roots 
the material necessary for life and growth. Soil is composed of 
pulverulent particles of mineral substances, generally mixed with a 
proportion of organic matter. The mineral components must 
contain a)l the chemical elements which enter into the composition 
of plants, in a condition available for absorption by the roots. In 
moist conditions, it has a certain degree of coherence and plasticity ; 
it is porous, readily absorbs water, and retains it with a certain 
tenacity. These are the general requisites for a soil, to make it 
adapted for the growth and nutrition of plants. 

The chemical elements necessary for the organism of vegetation 
are oxygen, carbon, hydrogen, nitrogen, sulphur, phosphorus, 
chlorine, iodine, potassium, sodium, calcium, magnesium, alumi- 
nium, silicium, iron, manganese—all of which are to be found distrib- 
uted in varying proportions almost everywhere on the surface of 
the earth. . 

Soil constantly forms by the action of atmospheric influences 
on the superficial rock beds, slowly effecting their chemical 
decomposition, or causing mechanical disintegration by frost or 
mutual trituration. A soil forming on the spot by decay of the 
underlying rock beds participates in their chemical composition, 
and may be destitute of certain ingredients necessary for a good 
scil. Soilformed of drift material, being composed of the greatest 
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variety of mineral species, generally has all the chemical require- 
ments of a good soil. 

But we must recollect that the drift material is frequently found 
assorted according to the fineness of its particles, and that this 
assorting is sometimes carried to such a degree as to be detrimental 
to the quality of the material as a soil. A bed of pure clay, or of 
sand, or of clean gravel will not make a soil of itself, but a 
mixture of all constitutes the most fertile that we have. The 
fertility of a soil is, however, not alone conditioned upon its chemi- 
cal constituents; it depends in a great measure upon its porosity, 
adhesiveness, and the state of comminution of its molecules. To 
learn the chemical composition of soils and their molecular structure, 
analyses of the most complicated kind have been made, which, 
taking a purely scientific view of the question, are highly interest- 
ing, but are, practically, of a value not in proportion to the labor 
and expenditure of time in making them. The soil of one and 
the same farm, or of a single acre of ground, often differs so much 
that a few analyses would not give a correct idea of its quality, 
at least none more correct than could be reached by a superficial 
examination, so that, in buying a farm, I would advise one rather 
to rely on the judgment of an experienced farmer than on the re- 
sults of a chemist’s laboratory. 

The good quality of a soil covered bya thrifty vegetation of cer- 
tain herbs and trees is immediately recognized. The barrenness 
of a spot, likewise, needs not to be first ascertained by finding out its 
chemical deficiencies ; and, provided we are acquainted somewhat 
with the elements of vegetable physiology, we will also soon be able 
to guess at a proper course for its improvement. 

A plant drawsa great proportion of its nourishment through its 
roots from the soil. The roots can only take up nutritive parts when 
in solution. Easily soluble salts must be highly diluted, or they 
would injure the plants; usually soils contain little of these, and the 
_ mineral substances composing them are of themselves so insoluble in 
water that the roots could draw no benefit from them, if by the ad- 
mixture of humic acid, which almost every good soil contains, the sol- 
ubility of these substances were notinduced. This acidisa brown 
substance, originating from the decomposition of vegetable matter 
in the soil. It has the peculiarity of forming with all earths 
combinations which are soluble in water; it displaces carbonic 
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acid from the carbonates, and decomposes insoluble silicates, and 
its salts taken up in solution by the plants can be perfectly 
assimilated, because humic acid is composed of carbon and water. 

Vegetation requires more than liquid nourishment supplied 
through the roots; plants absorb and exhale large quantities of 
gases through the roots as well as through the parts above ground. 
A soil must, therefore, be in a degree porous, or a plant will not live 
in it. A regular process of respiration exists in plants. The 
green leaves and other green-colored parts constantly absorb car- 
bonic acid from the atmosphere, and exhale in its place oxygen, 
provided they are exposed to the light. In the darkness the pro- 
cess is inverted; the plants then take up oxygen and exhale car- 
bonicacid. Allthe parts of plants which are not green, such as roots, 
bark, petals, and red or yellow leaves in the fall, constantly absorb 
oxygen and exhale carbonic acid. 

The soil of the Lower Peninsula, being a drift soil, is generally 
very deep, and contains all the chemical constituents of a good soil. 
The assortment of the drift material into clay, sand, and gravel 
beds determines its character as these layers happen to occupy 
the surface positions, while by intermixtures a great variety 
of intermediate shadings in the quality of soils is locally pro- 
duced under atmospheric influences. The distribution of soils 
over the surface of the State is sometimes very unequal and 
changeable, so that within limited areas, and often within single 
farms, a number of variations in the character of the soil are repre- 
sented. But with the differences seen in the surface configuration 
of certain districts is also usually found a corresponding contrast 
in the quality of their soil. Thehigh plateau in the northern part 
of the peninsula has its peculiar soil, a thick, uniform mass of fine 
sand, containing few pebbles and a small proportion of argil- 
laceous constituents. In accordance with it is the vegetation; 
the pine-tree finds a congenial home in these sandy hill lands, and 
their surface is overgrown with splendid forests of this tree, to 
the exclusion of almost every other kind. This soil, as long as 
some humus is mixed with it, may give a fair potato crop, or, by 
careful attendance, garden vegetables can be raised, but its pro- 
ductiveness is so soon exhausted and its moisture so soon lost, 
that it can never be used for agriculture on a large scale with any 
prospect of success. 
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- Other districts, represented by lowlands adjoining the lakes, and 
to all appearance within comparatively recent times parts of the 
lake bottoms, are covered by a stiff clay soil overgrown with elm, 
ash, and kindred trees—as, for instance, the lower part of Saginaw 
valley and a strip of land. bordering Detroit. River, from Monroe up 
to Lake St. Clair. Properly drained, this is the richest soil in the 
State, giving larger crops and bearing the practiced system of 
exhaustion better than any other. -But the most characteristic 
soil of Michigan, that which makes it a wheat-producing country 
in the first rank, is a gravelly clay soil which covers the largest part 
of the surface in the southern half of the peninsula. It unites all 
the qualities of a good soil, all the chemical essentials for the 
plants which it bears in such profusion; its molecules are a mix- 
ture of all degrees of comminution, from the finest clay mud up to 
the boulder, producing a proper degree of porosity, and securing 
the retention of the necessary moisture by a constant drainage of 
any accidental surplus of it. A certain variety of this gravelly soil 
is full of large pebbles and boulders to a degree which makes the 
inexperienced believe its cultivation hopeless, yet such lands give 
generally very good returns in wheat and corn crops. 

Distributed over the country are patches of light, sandy soil, 
which contain a sufficient proportion of argillaceous and other 
mineral ingredients to make them fertile. The easy tillage of 
these lands and their generally fair returns bring them into high 
favor with the farmers. The climate of the peninsula, which is 
the other principal factor in its productiveness, is over the 
whole extent temperate, extremes of cold or heat being pre- 
vented by the surrounding Jarge lakes. From the north to the 
southern end all the cereals can be planted with little risk of 
failure. The northern part is somewhat colder, its vegetation 
coming out two weeks later than in the south, and the winter 
setting in about that much earlier, which affects somewhat the 
raising of the more tender fruit crops, as grapes, peaches, etc. 

The grape and the peach do well in the southern part of the 
State, and particularly near the shores of the lakes, where the foggy, 
humid air prevents late frost, the greatest enemy of these fruits. 
The west shore up as far as Muskegon has become famous for its 
peaches and other small fruits. The Traverse Bay region, which 
has’ been so strongly recommended as a fruit-growing country, 
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is not fulfilling the expectations entertained of it. They may raise 
peaches there in seasons when all other places in the south have 
theirs killed by frosts, but this does not prove the greater mildness 
of the climate, but simply that the peaches are in bloom there late 
enough to escape frost. The fruit raised under such conditions 
may be large and perfect, but in sweetness and flavor it can not 
compete with fruit grown in a warmer climate. 

For the apple, our climate and the deep gravelly soil answer 
exceedingly well, immense quantities of the most delicious kinds 
being yearly sent to the markets of all the Eastern and Western 
States. 


CHAr TER IY: 
PALAOZOIC ROCK SERIES. 


BENEATH the drift the peninsula is underlaid by regularly strati- 
fled rock beds, in undisturbed horizontal position, which represent 
the upper part of the palzozoic strata. 

Of deposits younger than the coal measures, no evidence can be 
discovered on its surface. It forms the centre-point of an oceanic . 
bay, which seems to have existed, without any important altera- 
tion in its limits, from the beginning of the Silurian period to the 
end of the Carboniferous time. We find within the space sup- 
posed to have been the bay an uninterrupted series of marine 
deposits, following each other in the greatest regularity of super- 
position, which represent all the known formations deposited on 
this continent from the Potsdam period on to the Coal formation. 
The northern shore of this ancient silurian bay coincided in part 
with the present north and west shore of Lake Superior. Some 
cliffs of the present lake, formed by upheaved Huronian rock beds, 
were formerly the cliffs washed by the breakers of the silurian 
ocean. 

We find the rounded, water-washed cliffs, with all their fissures 
and eroded pot-holes, intimately embraced by the sandstones and 
conglomerates of the Potsdam period, horizontally abutting 
against them, with their layers discordantly laminated, as we see 
the sand masses of a beach formed under our eyes. It needs no 
great degree of illusion to imagine that you see these sand masses 
dashed upon the shore by the breakers of the present lake, and 
quickly hardened into rock. One feels strangely impressed at 
beholding a landscape with its general features as they must have 
existed myriads of years before, a space of time during which con- 
tinents formed and disappeared, during which the place itself has 
undergone the greatest changes, become covered with sediments, 
the ocean having receded long ages ago from the spot, and then to 
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imagine glaciers to come, ploughing up the sediments covering 
the old surface, dredging out a part of the old ocean bed, and 
finally leaving it filled with the water which now washes the cliffs 
of the restored shore line, as if it never had left them. 

As we recede southward from this ancient shore line, and have 
passed over a belt of the Potsdam sandstone, we find the Trenton 
limestones overlapping the sand rock, and still further, belt by belt, 
successively occur younger rock beds, which follow each other in 
imbricated superposition. On Mackinac Island we have reached 
a fragment of the sediments of the Helderberg belt, which resisted 
destruction when the lakes were carved out. A description of all 
these rock belts I have given in the geological report of 1873. 

On the northern end of the Lower Peninsula, which forms the 
main subject of consideration in this report, we find the Helder- 
berg group again as the lowest of the exposed rock beds, and only 
occupying a narrow strip of the northern shore line. The imbri- 
cated superposition of younger formations continues southward 
to the centre of the peninsula, where we find the Helderberg group 
overlapped by the Hamilton series; following it are the black 
shales of Ohio, the Waverly group, and a central disk formed by 
the coal measures. . 

These concentric arched belts of formations continue across 
the area now occupied by the lakes, and are met again on the 
opposite shores of Canada, Wisconsin, and Illinois. The belt of 
the Helderberg series strikes the Canada shore south of Gode- 
rich; the Hamilton group and the black shales are found in 
Bosanquet township and on Kettle Point, C. W. 

On the Wisconsin side, the Helderberg and Hamilton strata 
barely reach the shore at a place six miles north of Milwaukee. 
The remainder of the shore of Wisconsin and Illinois, south from 
there, is composed of the next older rock beds of the Niagara 
group. 

Entering on the special description of the mentioned for- 
mations, and of their surface distribution on the Lower Penin- 
sula, I commence with the lowest beds, with the Helderberg 
group exposed at the northern and southeast ends of it. 


CHAPTER V. 
HELDERBERG GROUP. 


AT the foot of McGulpin’s Point, a little distance from the 
former site of old Fort Mackinac, the bed of the lake is formed 
of ledges of limestone, a series of which continues at the height 
of Io or 15 feet above the water level around the base of the 
promontory. Its higher levels are formed of drift rising in several 
well-marked terraces, on one of which the lighthouse is erected. 
The limestone is light-colored, of conchoidal fracture, rather thin 
and unevenly bedded, abounding in hornstone concretions. . It 
contains a good many fossils characteristic of the upper Helder- 
berg group, but few of them are well preserved. The strata 
which form the top of Mackinac Island represent the same geo- 
logical horizon, and if we were to admit a continuity of the strata 
across the straits, and take those of McGulpin’s Point as identical 
with the highest beds of Mackinac, the calculated dip of the 
strata toward the south would: amount to 30 feet per mile, 
Mackinac Island being 300 feet above, and its distance from 
McGulpin’s Point 10 miles. 

The limestone ledges can be traced in the shoal water westward 
to the Waugoshance Islands; the projecting part of them is formed 
by loose limestone pebbles and regular boulder drift, with no out- 
crops of the underlying limestone ledges. Further west, the 
formation extends to the Beaver Island group. The larger of the 
islands, Hog Island, Garden Island, and Beaver Island, are all com- 
posed of drift. Loose, angular limestone slabs, inclosing fossils of 
the Helderberg group, are found abundantly strewn over their 
beaches, indicating a proximity of the ledges to the surface; the 
ledges themselves are visible in the bottom of the lake in the cir- 
cumference of Whiskey and Trout Islands, which likewise belong 
to the Beaver Island group. 

On the east side of McGulpin’s Point the limestone ledges 
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soon disappear under the drift, and from there to Hammond’s 
Bay no more rock exposures are seen along the shore line. 
On Round Island and on Bois Blanc Island, limestones of a 
lower position than those of McGulpin’s Point come to the 
surface. The largest portion of the islands is covered by drift and 
_ by gravel and sand accumulations, thrown up at a more recent time 
by the lake. On Round Island the rock escarpments are, on 
the north side, formed by thick-bedded, light-colored, somewhat 
porous dolomitic limestones, projecting in a steep bluff of 
about’ 50 feet an (height. «A idense “prowth of orest Arees 
covers the declivity, hiding the rock ledges from view, when 
at a distance from the bluff. 

On Bois Blanc the exposures are on the southwestern 
shore, rising in bluffs to about 15 feet above the water level. 
Under a cover of boulder drift we find highest, thick ledges 
of a brittle, dolomitic, and partly cherty limestone; the lower 
beds are thinly laminated slabs of a bluish mottled lime rock 
with rough, earthy fracture; they are seen extending far out in 
the bottom of the lake. In the upper thick beds, not unfre- 
quently the often-mentioned acicular crystals are found pervading 
the mass, which are characteristic of the lower horizons of the 
Helderberg group. Fossils have not been found. The lime rock 
of both islands is used to a small extent for the production of lime, 
but as a building-stone the rock has little value. 

From the mouth of Oqueok River in Hammond’s Bay, onward 
to Presque Isle, frequent rock exposures can be observed along 
the shore, which generally is occupied by sand or gravel beaches ; 
the rocks come out at the ends of projecting land-spurs. The 
strata seen in these exposures have a higher position than those 
of McGulpin’s Point; they are the transitory beds between the 
Helderberg and Hamilton groups, which insensibly merge into 
each other, without having any sharp line of demarkation. 

I preferred to describe these latter beds in connection with the 
Hamilton strata,-and have delineated on the geological map ac- 
companying this report the Helderberg group as confined to the 
narrow spur of McGulpin’s Point and to the islands north and west 
of it. . 

Rocks of the Helderberg group compose the surface of a re- 
stricted area in the southeast corner of the State, comprising 
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Monroe County, the southeastern part of Wayne County, and the 
same part of Lenawee County. This triangular segment is the 
northern terminus of a large body of the formation, which covers 
the northwestern part of Ohio, and is continued through the State 
of Indiana. It is on the west side of the Cincinnati axis of eleva- 
tion; the beds are not disturbed by the uplift in their horizontal 
position. 

In Monroe County the beds of nearly all the creeks present 
exposures of the ledges; in Lenawee and Wayne counties, the in- 
cumbent drift deposits are much heavier and the rock is not so 
often exposed. The surface of all the rock beds of this region 
which lie on top is worn smooth and scratched by drift marks. 

The lower division of the Helderberg series, identical with the 
strata forming the base of Mackinac Island, and with the water- 
lime group of the Ohio reports, has a much greater surface exten- 
sion in the district under consideration than the upper division 
corresponding with the limestones of Sandusky. This upper 
division is well uncovered in the quarries of Trenton village in 
Wayne County, and likewise in the quarries on Macon Creek, 
formerly owned by Judge Christiancy. The surface layers of the 
‘Trenton quarries are only covered by a thin coating of loamy 
drift. They are limestones of light color, segregated in thin beds, 
with uneven rough surface, containing an abundance of fossils, 
particularly Crinoid stems, Bryozoa, Cyathophyllum cornicula, 
various Favosites, Atrypa reticularis, Spirifer gregarius, Spirifer 
acuminatus, etc. The thickness of the beds is about six feet; 
they are used for lime-burning, and yield a white, quick-slaking 
lime of very good quality. The beds of the quarry have a very 
perceptible dip west by southwest, which is evidently caused by 
a local undulation of the strata. The direction of the dip of the 
formation at large can not be learned from the measurement and 
examination of single localities; it is generally hypothetically 
deduced from the distribution and sequence of the rock beds over 
areas of large extent. The next lower beds in the quarry are a 
compact gray, crystalline limestone, in beds from eight inches to 
two feet in thickness, and in all amounting to about eight feet, 
which represent the principal quarry rock. They are rich in fossils ; 
the species which I collected there are: Cyathophyllum Hallii, 
Cyathoph. cornicula, Zaphrentis prolifica, Zaphrentis gigantea, Fa- 
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vosites turbinatus, Fav. hemisphericus, various species of Fenes- 
tella.and Polypora, Stictopora Gilberti, Stromatopora textilis, 
Atrypa reticularis, Spirifer acuminatus, Strophodonta concava, 
Strophod. perplana, Orthis Livia, Lucina elliptica, Conocardium 
trigonale, Euomphalus Dekewyi, various large forms of Orthoceras, 
Gomphoceras, Gyroceras, Nautilus, Phacops bufo, Proetus crassi- 
marginatus, Dalmania selenurus, and bones of fishes. 

The base of the part of the quarries at present worked is formed 
of about 4 feet of very uneven, thin-bedded, concretionary lime- 
stones full of hornstone nodules, and coated over by a black, shin- 
ing crust of bituminous shale; the peculiar segregations called stylo- 
lites are also quite frequent in these beds, which (beds) are thrown 
away as worthless rubbish. Under them, in another part of the quar- 
ry, not now worked, are other limestone beds denuded to the depth 
of 12 feet; several of their thicker seams furnish material quite 
as good as the best ledges in the upper part of the quarry. The 
owner of the place bored in the quarry a drill hole through solid 
limestone for a depth of 60 feet, in search of well-water, but 
did not succeed in finding any. Selected blocks of the lime rock 
are cut into door-steps, sills, water-tanks, etc., the rest being used 
for foundation walls and for the lime-kilns. An analysis of the 
principal quarry stone gave: ) 
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The quarries on Macon Creek, on Mr. Christiancy’s former prop- 
erty, are opened in the same strata as the Trenton quarries. The 
rock there is more porous, absorbing water rapidly when dry, and 
considerably impregnated with rock oil, which exudes from its 
crevices, and often collects on the water pools of the quarry in a 
thick scum. In humid state, the rock is dusky drab-colored. The 
surface layers are rich in fossils identical with those of the Tren- 
ton quarries; certain seams are perfectly crowded with Chonetes 
yandellana, and others with Tentaculites scalaris. Below these 
fossiliferous beds, the useful ledges of the quarry, about 6 or 
7 feet in thickness, follow; they are of the above-mentioned 
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porous character. The better quarry-stone furnishes sills, door- 
steps, etc., but most of it is used for the production of lime. Its 
composition is: 
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The deeper strata of the quarry become worthless from a 
copious admixture of white, cherty concretions. . The exudation of 
rock oil from the crevices induced some persons, a number of years 
ago, to form a company to bore for rock oil at this locality. A 
drill hole was sunk to the depth of 7oo feet, but without the 
hoped-for success. The record of the boring I could not obtain. 
I was informed that not many feet below the rock beds opened 
in the quarry, a bed of sand rock was struck. This sand-rock de- 
posit seems to be a very constant stratum found at that horizon, 
not only in Michigan, but all over the Helderberg area of the State 
of Ohio. Natural outcrops of this sand rock can be observed in 
the bed of Raisin River, six miles above Monroe; it is there very 
hard and compact, rich in calcareous cement; several fossils, 
casts of spirifer, etc., are inclosed in some blocks of the rock, but 
they are too imperfect for specific determination. The sand-rock 
stratum, in a soft, friable condition, and occasionally perfectly white, 
is found in the northeast corner of Raisinville township, on the 
farm of Mr. Bond, where it forms the surface rock over a good 
many acres of ground; in places it is overlaid by dolomitic lime- 
stones about 8 feet in thickness, which contain the casts of 
numerous fossils, Zaphrentis, Favosites, several forms of Bryozoa, 
Atrypa reticularis, Orthis Livia, Conocardium trigonale, Phacops 
‘bufo, Dalmania selenurus. Quantities of this sand, which is almost 
pure quartz without admixture, have been shipped to Pittsburgh for 
glass manufacture, for which purpose it is said to be of excellent 
quality. The thickness of the deposit is not seen in this place; 
only 6 or 7 feet are denuded in the diggings. In Section 16 
of Ida township, a sand rock of about 6 feet in thickness forms 
the top layers of a limestone quarry. The upper strata are friable 
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and soft, their calcareous cement seeming to have leached out while 
the deeper sited strata are hard and rich in calcareous matter. 

The rock contains some casts of bivalve shells and of gastero- 
pods; its fissures and druse cavities are filled with strontianite, 
ceelestine and calespar. The sand rock reposes on a hard, com- 
pact dolomite rock, mottled with light and dark blue cloudy specks 
resembling castile soap. The dolomite is composed of 
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Sand-rock ledges of a somewhat different character from those 
mentioned, but evidently equivalent with them, are exposed on 
both sides of a road passing the north end of Ottawa Lake. The 
rock is hard, fine-grained, of dark bluish, or, in weathered condition, 
of ferruginous brown color, and contains 65 percent of cal- 
careous matter by 34 per cent of quartz sand. It is quarried 
for building purposes ; intermediate between the harder layers are 
seams of a coarse-grained, softer sand rock with only a small pro- 
portion of calcareous cement. Inclosed in these softer seams, I 
found dermatic plates of macropetalichthys. South from there, 
across the State line, near Sylvania, in Ohio, a similar seam of 
sand rock is found intercalated between the upper and lower Hel- 
derberg limestones; and from the geological reports of (Ohio we 
learn that throughout the entire Helderberg area of that State a 
sand-rock deposit is constantly found in such position. In some 
localities the sand rock seems to be replaced by an oolith. In the 
quarries of Plum Creek, near Monroe, and near Little Lake, in Bed- 
ford township, the mottled dolomite rock which lies at the base 
of the sand rock in the Ida quarries, Section 16, is found in 
the same characteristic form, but instead of sandstone, in the two 
mentioned localities, oolithic rock beds are superimposed. Their 
chemical composition is: carbonate of lime, 61 percent, and carbo- 
nate of magnesia, 37 percent. The thickness of this sand-rock stra- 
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tum has, within the State of Michigan, never been found to exceed 
8 or to feet, and in Ohio, also, it forms only a comparatively 
thin seam. No fossils are known to have been found in 
it except the few fragmentary specimens which I mentioned, 
so that a paleontological comparison with other beds is for- 
bidden ; but considering its relative position between the upper 
and lower divisions of the Helderberg group and its lithological 
character, its equivalency with the Oriskany sandstone of New 
York becomes very probable, an identification which was first 
made by the Ohio geologists. A marked change in the nature of 
the deposits above and below this geological horizon is perceptible. 
The rock series below the sandstones which has been identified 
with the water-lime group of New York, is altogether composed of 
dolomites and contains entirely different fossils from those found 
in the strata above the sand rocks, which have more of a true 
limestone character, and rarely contain a high percentage of mag- 
nesia. I have previously made the statement that this lower 
water-lime division has a much greater surface extent within this 
southeastern corner of Michigan than the higher beds. All the ex- 
posures of Raisin River, in Plum Creek, belong to this lower rock 
series; the quarries in the townships La Salle, Ida, and Bedford 
are worked in the same beds, and the outcrops on Point-aux-Paux, 
at Gibraltar, in Swan Creek, and Stony Creek, all represent this 
water-lime series. The upper strata of this group are frequently 
but not always found in a brecciated condition, with fragments of 
various ledges intermingled and re-cemented. The lower, non- 
brecciated beds have evidently the same lithological characters as 
the fragments composing the breccia. 

By what force the strata were shattered into fragments, it is 
difficult to suggest, but the cause of the disturbance can not 
have been a local one, confined to this district only. We find 
this rock in brecciated condition all over the northwestern part 
of Ohio and on the islands of Lake Erie. The same occurs 
again in the equivalent beds of Mackinac, and in the exposures 
of Goderich in Canada. 

A natural section through the whole thickness of the water- 
lime group is nowhere in the district exposed, and the artificial 
excavations by quarrying generally comprise vertically only a 
small series of beds, and they are nearly always of one and the 
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same horizon. Of deep artesian borings, several have been 
made within the city limits of Monroe to a depth of from 150 
to 300 feet, and the boring records of some have been noted 
down. Such notes are very useful for comparison of strata, if we 
were only beforehand informed of the geological structure of a 
locality, in its details; but to learn these details by the results of 
borings alone is very unsatisfactory. 

As an illustration, I give one of the records of a drill hole 
sunk in the Court-House Square of Monroe to a depth of 140 feet. 
It reads: 
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We see here a number of limestone beds, varying in color 
and compactness, amounting to over 100 feet in depth, and 
below, a deposit of calcareous shales, which could perhaps be taken 
as representing a part of the Onondaga formation ; but the inform- 
ation we reccive by this record is insufficient to enable us to 
form a clear idea of the special qualities of the rock beds, 
or to distinguish positively certain horizons. From another bor- 
ing made in the same place, I received, through the kindness of 
Judge Christiancy, specimens of the rock brought up by the pump, 
by which I can see that, to a depth of 300 feet below the surface, 
limestone beds are almost exclusively following each other in con- 
tinued superposition ; but these limestones, of a dolomitic character, 
sometimes light-colored, sometimes dark, partly laminated, or 
other specimens of a cellulose structure, full of irregular cavities, 
clothed with spar crystals, or pieces pervaded with acicular spar 
crystals, are all without prominent peculiarity by which one can tell 
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whether the boring has passed the water-lime and entered the 
Onondaga or Niagara group or not. Rocks exactly similar to those 
brought up from the deepest portion of the drill hole are found in 
the superficial beds of the quarries near by, and acicular lime- 
stones, not distinguishable from those mixed with the upper 
brecciated limestones, come up from a depth of over 200 feet. 

We learn by the borings that no gypsiferous shales are found in 
the strata underlying Monroe, and that for several hundred feet 
downward limestones of dolomitic character alternately follow each 
other; but we have no guiding rule by which to learn exactly 
where we are. 

Among the exposures of the water-lime group, the quarries of 
Gibraltar, situated about four miles south of the Trenton quarries, 
are the most northern. There this lower rock series comes to the 
surface in the bed of the creek where it enters the lake near Gibral- 
tar, and west of the village, at the point crossed by the Michigan 
Southern Railroad. The surface of the upper ledges is polished 
by drift action. The rock is a somewhat absorbent, minutely crys- 
talline dolomite of gray color and a laminated structure, some- 
times deceivingly resembling an obsolete Stromatopora. The 
beds are even, from 1 to 2 feet thick, answering a good purpose 
as a building-stone. They frequently contain large, spherical, 
concretionary masses, very hard and compact in the centre, but 
successively becoming more and more porous toward their peri- 
phery, which merges into the general rock mass without a defining 
line separating the concretion from the plasma of the ledge. 
About 8 feet of the rock beds are denuded in the quarry; no 
fossils were observed in the place. 

West of this locality, near Flat Rock, Huron River runs in 
rapids over ledges which belong to the water-lime horizon, a 
drab-colored, crystalline, somewhat porous, but hard dolomite, 
with flinty concretions. Of fossils, I noticed casts of crinoid 
joints, vegetable stems, and a small elongated body with email 
surface, serrated on the edges, which can only be the remains 
of a fish or crustacean. Similar corpuscles I found in the brec- 
ciated limestones of Point-aux-Paux, a locality which will subse- 
quently be described. The rock in the vicinity of Flat Rock 
is covered by drift of considerable thickness, and does not come 
near enough to the surface to be opened in quarries. At New- 
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port on Swan Creek, the water-lime strata are found everywhere 
close under the surface of the level country, polished by drift 
action. The rock is a light, drab-colored, fine-grained, absorbent 
dolomite; the surface of the bed is rugose, pitted, as if the strata in 
soft condition had at one time emerged from the water and been 
exposed to rain-drops. Seams of black carbonaceous shale sepa- 
rate the ledges and cover their surface with a shining, thin coat. 
Stylolitic segregations are very common; they are evidently a 
peculiar sort of shrinkage cracks formed by the contracting of 
the mud mass during its consolidation into rock; their striated 
surface is likewise blackened with this shaly coating. In the quar- 
ries, only about 8 feet of the strata are uncovered - the upper 
superficial ones are the best; some of them break in good-sized 
blocks about a foot in thickness, which are used as a building-stone. 
However, most of the rock is quarried for lime-burning. The lower 
beds in the quarries are thin, uneven slabs interstratified with 
seams of black shale. Fissures and druse cavities in the rock mass 
are filled with fine crystals of ccelestine and of calcspar. Of 
fossils, casts of Meristella levis, and vegetable stems are the 
most common. The surface of certain seams in the rock is often 
densely crowded with the shells, which are frequently coated with 
asphaltum or surrounded by liquid rock oil. The vegetable re- 
mains are of variouskinds. Some are band-like, compressed stems, 
which sometimes bifurcate, and are of jointed structure. On cer- 
tain portions of these stems, annular cicatrices are disposed in re- 
mote rows, in shape resembling the pores of the tube of a Favosites. 
Another kind of stem is narrower, more remotely jointed, and 
each joint is surrounded by a verticil of long, narrow leaves. 
I have transmitted specimens of these remains to Prof. Leo Les- 
quereux, of Columbus, leaving it to him to give his opinion on 
them at pleasure. He thinks they are of considerable scientific 
interest, and will probably say something about them in one 
of his scientific publications. 

Three miles southeast of the Newport quarries, we find 
along the shore of Point-aux-Paux a very good natural ex- 
posure of the same rock beds which here are in brecciated 
condition, while the beds of the Newport quarry are undis- 
turbed. The rock beds project only about 4 feet above the 
water level, but by undulations of the strata about 15 feet 
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of successive ledges become exposed. The breccia is formed of 
angular rock fragments; sometimes larger masses, composed of 
several consecutive layers, retaining their regular stratified posi- 
tion to each other, lie inclosed in it, often also a regular, unbroken 
seam of limestone alternates with the brecciated layers. 

The principal part of the ledges resembles in all particulars the 
rock of the Newport quarries; the same fossils are found in them, 
only in greater abundance and variety. Meristella levis, Lepto- 
coelia concava, Megambonia aviculoidea, casts of several forms of 
bivalves and gasteropods, and a small spirorbis-like shell, are the 
usual forms met with, besides a profusion of the above-mentioned 
vegetable remains [pervading the rock beds. Druses of ccelestine 
and calcspar, and veins of these minerals, filling the fissures of 
the rock, are very abundant. 

_ Eurypterus remipes and Leperditia alta, the two typical forms 
of this horizon, I could not find in this locality, but on Put-in- 
Bay Island both fossils are found in association with the others 
above mentioned, and in beds which, by their lithological charac- 
ters, leave no doubt of the identity of the strata in both places. 
Of the emailled corpuscles with serrate edges, which I found in 
the dolomite of Flat Rock, and suggested might be the remains of 
fishes or crustaceans, I found several at Point-aux-Paux. South 
of Point-aux-Paux, toward Monroe, we find the same rock beds 
everywhere close under the surface, with only a few feet of drift 
on them. The quarries alongside of Raisin River, up to Dundee, 
are all opened in beds of this horizon. In the quarries of Plum 
Creek, a short distance south of Monroe, by the undulations in 
which the strata rise and sink, about twenty feet of rock 
beds come to an exposure. ‘Uppermost are fine-grained, light- 
colored dolomitic limestones in beds a few inches thick, and 
in the aggregate reaching six feet. Next below is a compact 
stratum of oolith from eighteen inches to two feet in thick- 
ness, which makes a good building material. Lower are thin, 
rugose ledges of limestone with intervening narrow seams of a 
black shale mass; these are succeeded by about two feet of a gray 
and blue mottled dolomite rock, after which are again thinly 
laminated limestone slabs with intermediate black shale seams, 
The surface of these limestone slabs is covered by ramified relief 
forms, apparently of vegetable origin. The lowest beds in the 
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quarry are bluish gray dolomites in moderately thick ledges, 
opened to the depth of about eight feet, and representing the 
principal quarry-stone used for ordinary building purposes. In 
the whole series of rock beds, fossils are rarely seen, but in nests or 
in a thin seam, locally, they may be found in abundance. Among 
the rocks which came out on excavating the cellar of a brewery 
situated within the quarry, certain blocks are crowded with casts 
of Meristella laevis, Retzia globosa, Leptoccelia concava, Megam- 
bonia aviculoidea and several other bivalves, several Gastero- 
pods, great numbers of a spirorbis-like shell, besides the vegetable 
stems found elsewhere in the same strata. 

In the southwest corner of La Salle town, about six miles west 
of the lake shore, the brecciated limestones, which in Monroe are 
in a position on a line with the lake level, are found in the quar- 
ries at an elevation of about 100 feet above the lake. 

In the quarries near Little Lake, in Bedford township, simi- 
lar strata to those of the Plum Creek quarries are uncovered. In 
the upper part of the quarry we find an oolith stratum identical 
with the one in the other locality. The lower part is formed 
of brecciated limestones, seams of which are fossiliferous; be- 
sides the already-mentioned forms, a Cyrtoceras and some Gaste- 
ropod casts are found there, which I have not noticed in the other 
localities. 

Two miles west of Ida village, close to the railroad track, exten- 
sive quarries are opened and lime-kilns erected. Close under the 
surface, light-colored, almost white dolomites, of finely crystalline 
grain, and of absorbent, porous structure are found; they are much 
intersected by veins of calcspar, and inclose druse cavities lined 
with the same material. Certain layers are completely filled with 
small acicular spar crystals, or the crystals have been dissolved bya 
partial weathering of the rock, and the places formerly occupied 
by them are now found as open, narrow slits pervading the rock in 
all directions. By the same process of weathering, the rock, which 
originally was a hard mass composed of dolomite spar crystals, 
cemented together by calcspar, the more soluble calcspar being 
dissolved by the percolating waters, is left, according to the degree 
of weathering, either a porous but yet hard mass of minute do- 


lomite spar crystals, or a mealy, crystalline substance friable be- 
tween the fingers. 


HELDERBERG GROUP. 35 


An analysis of the dolomite with acicular crystals gave, 
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The acicular spar crystals are very characteristic of the lime. 
stones of this lower horizon of the Helderberg group, everywhere 
to be found in this district, in Ohio, in Goderich, Canada, and in 
Mackinac Island where these beds are uncovered. Similar aci- 
cular limestones are found in lower geological position in the dolo- 
mite beds of the Onondaga group, and in certain beds of the 
Niagara group. (See report on the Upper Peninsula, page 35.) 

Prof. A. Winchell identified the dolomites of the Ida quarries 
with the Onondaga group, but the position of these beds is not 
lower than that of the other quarries considered to represent the 
water-lime group, and no difference in the lithological characters 
of the strata exists which would justify a distinction. In the 
deep boring made in the Court-house yard of Monroe for a depth 
of 300 feet, no particular change in the nature of the rock was ob- 
served ; nearly all this thickness was made up by dolomites, some 
of which, by their cellulose character, with cavities once filled with 
crystals, are similar to beds found in the Onondaga group, but no 
gypsum beds nor shale deposits, which are significant of this group, 
were noticed. 

The gypsiferous rock beds have been found in the State of 
Ohio at Sylvania, but in Michigan no positive evidences of the 
development of this formation have been discovered in the south- 
eastern end of the State. Remarkable in this region are the 
numerous sink-holes found over it. Some of them are small, 
abrupt, funnel-shaped depressions; others are larger and sink more 
gradually. Many of them are filled with water and form respect- 
able lakes, as Ottawa Lake and Little Lake, while others are 
dry or filled only for a part of the year. The water in all these 
lakes is subject to considerable fluctuations during the different sea- 
sons. Ottawa Lake, which covers about a square mile of surface, 
has in the spring of the year a depth of 50feet; toward the fall 
it has lowered its level about 25 feet below high-water mark, 
and its shallowest parts lie perfectly dry. The water usually dis- 
appears rapidly when it begins to sink, which is not the effect of 
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evaporation. It escapes by subterranean crevices, which become 
visible after the water has run off. The steep embankments of 
the northeast end of the lake are formed by the brecciated lime- 
stones of the water-lime group, which are quarried there and burned 
into lime. 

Little Lake, in the town of Bedford, Section 15, is another sink- 
hole of large dimensions. It sometimes becomes perfectly dry, 
which never happens with Ottawa Lake. The rock crevices through 
which the water disappears were quite conspicuous in the emptied 
lake bottom at the time of my visit. Four miles north of Ottawa 
Lake, on the land of Mr. Cummins, in the town of Whiteford, be- 
tween Sections 1 and 2, another large sink-hole is observable, which 
during the summer and fall-time is perfectly dry and partly over- 
grown with grass. The centre of this depression is about 18 feet be- 
low the level of the surrounding country; a part of its bottom is 
formed of naked rock ledges fissured by deep, vertical crevices. The 
owner of the place informs me that during the spring this depres- 
sion is filled with water which contains large fish, although I saw 
not a drop of water in it at the time of my visit. When the water 
begins to sink, it escapes quickly, and at the spot where the crev- 
ices are, a whirlpool draws them in with a distinctly audible, 
rushing noise. The larger fish being unable to get off with the 
water, are left on the dry bottom to die. From the fact of the 
appearance in these periodical water-basins of full-grown fish of the 
kind usually found in Lake Erie, it has become the general belief 
of the inhabitants that a direct connection exists between these 

sink-holes and that lake, which suggestion has in it much of prob- 
ability. All limestone formations are apt to be undermined and 
eaten out by the water flowing through their crevices, which is 
more or less charged with carbonic acid, and thus rendered a power- 
ful solvent for the limestone. The old sandy beach-lines encircling 
this district bear clear testimony to the fact that all this part of 
the country was at a period not very remote a part of the bottom 
of Lake Erie, whose waters leached out the softer, more soluble 
ledges of the lime rock, and left the harder layers as roofs over the 
eroded cavities. After the receding of the water from this ground, 
leaving behind a deep, muddy sediment, which forms the present 
rich soil, the roofs of these subterranean cavities broke down, 
in some cases forming sink-holes that remain in connection with 
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intricate subterranean channels which doubtless lead into the 
lake. 

The connection of the Helderberg group with the superincum- 
bent younger formations is in this part of the State’entirely hidden 
by drift deposits. At Blissfield, Deerfield, and Petersburg, localities 
which are only a short distance from the actual outcrops of the 
Helderberg strata, in ordinary wells, dug to a depth of seventy and 
eighty feet through drift deposits, no rock ledges have yet been 
touched, and at Detroit, 130 feet have to be sunk through before 
the lime rock is reached. In Prof. Winchell’s geological map, pub- 
lished in Walling’s Atlas of Michigan, the southwest corner of the 
State is represented as underlaid by the Helderberg group, through 
a great portion of Cass and Van Buren counties and all over 
Berrien County. This is an error; the Helderberg strata have 
nowhere been found as the surface rock underneath the drift in 
any of the deep Domiget made at Niles, Cassopolis, Meche City, 
or other places. 

In a deep boring lately made at the ipaltans State Peisoil at 
Michigan City, the drift was found to be 170 feet deep; below it, 
the black shales of Ohio were struck in a thickness of 76 feet, and, 
finally, at a depth of 246 feet from the surface, the first limestone 
beds of the Helderberg group were penetrated. A natural outcrop 
of the Waverly group is north of New Buffalo, near Brown’s Sta- 
tion, not far from the Lake Shore. It is the same case south of 
the Michigan boundary-line, on Indiana territory, where for many 
miles no trace of a limestone formation underlying the drift can 
be found; it is always the subcarboniferous sand rock and its 
intermediate shale beds which are first encountered. 


CHAPTER VT 
HAMILTON GROUP. 


ON the map of Prof. A. Winchell, just mentioned, a belt of the 
Hamilton group is represented as extending from Wyandotte 
southwestward through Monroe and Lenawee counties, and on the 
southwest side of the State another belt is laid down as stretch- 
ing from the southwest corner of St. Joseph County to the north 
end of Berrien County. 

In the southern part of Michigan no strata have ever been 
discovered which could be claimed as’ representing the Ham- 
ilton formation, and even if such existed, the belt laid down as 
running through St. Joseph and Berrien counties would be posi- 
tively misplaced, as its hypothetical course would be not less than 
40 or 50 miles further to the southwest. The Hamilton group is, 
all through Ohio and Indiana, scarcely developed; in the ex- 
posures, the beds usually found next incumbent on the Helder- 
berg limestones are the black shales of Ohio, considered as equiva- 
lent to the Genesee shale of New York. Only in a few localities of 
Ohio are some shaly strata of inconsiderable thickness, containing 
Hamilton fossils, intercalated between the limestone formation and 
the black shales. 

In the northern part of the Michigan peninsula we find the 
Hamilton group developed as a heavy formation of over 500 feet 
in thickness. The southern limit of the surface extent of this 
group, in the region spoken of, is indicated by a line drawn from 
Partridge Point, in Thunder Bay, northwestward to intersect the 
principal meridian in the southern part of Town. 34; from there 
the line goes directly west, through Bear Lake and Pine Lake, and 
then bends southwest, terminating near Norwood on the shore of 
Big Traverse Bay. The land-spur across the bay is covered by 
drift,and presents no outcrops of rock. The continuation of this 
belt of the Hamilton group, across Lake Michigan and Lake Hu- 
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ron, to the shores of Canada and Wisconsin, has previously been 
mentioned. North of the indicated line, all of the surface of the 
peninsula is formed by the Hamilton strata, excepting the small 
strip of shore at McGulpin’s Point, which is described as composed 
of the upper Helderberg limestones. The Hamilton group in 
New York is pre-eminently a shale formation, with subordinate 
beds of limestone; in Michigan it has more the character of a 
limestone formation with but a subordinate development of 
shale beds. 

Natural sections of large extent, by which the thickness of the 
formation can be estimated, do not exist; by borings made in 
Alpena, its thickness is found to be much greater than formerly 
had been supposed. One of the borings was made more than 
ten years ago, but no accurate record was kept of it. At that 
time a bed of rock salt was struck in the bottom of the well,. 
and I myself saw more than a bushel of salt in yellowish crys- 
tals which was brought up by the sand pumps; still no further 
use was made of this discovery, and it is only within the last 
few years that the strong stream of mineral water discharged 
from the bore-hole has received attention and been used for its 
strong medicinal properties. At present it is led by tubings to a 
bathing institution close to the landing-place at the bay. The 
mineral water is strongly impregnated with hydrosulphuretted gas. 
It flows from a higher level than the bottom of the well, but 
has a considerable proportion of chloride of sodium in solution, 
which probably rises from the lower part of the bore and mingles 
with the upper sulphurous water. An analysis made by Dr. Duffield 
gave 237 grains of solid matter to a gallon of the water, as 


follows: ‘ 
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Sulphuretted hydrogen 3.91 cubic inches per gallon. 
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Another boring was made four years ago close to the bed of 
Thunder Bay River. It commenced in rock beds which are at least 
100 feet lower than the strata composing Partridge Point. The 
boring commenced in limestones, which continued, without much 
interruption by other beds, to a depth of 400 feet below the sur- 
face, when blue shales were struck, and a powerful stream of min- 
eral water rose to the top, carrying with it many well-preserved 
fossils of the shale beds. The fossils were: Cyathophyllum 
Houghtoni, Cyathoph. Hallii, various species of Favosites, Clado- 
pora, and numerous Bryozoa, Crinoid stems, Atrypa reticularis, 
Spirigera concentrica, Spirifer mucronatus, Cyrtina Hamiltonensis, 
etc. The thickness of the shale was found to be 80 feet. Below 
it, limestones of variable hardness and color were penetrated to 
the depth of 600 feet from the surface, and from there to 1025 
- feet, light-colored, partly dolomitic limestones were found. At this 
depth a bed of solid rock-salt was struck, after which the boring 
was discontinued. The upper 480 feet of this drill-hole are posi- 
tively made up by strata of the Hamilton group, which, with ad- 
dition of the 100 feet of higher strata, would give 580 feet for the 
thickness of the Hamilton group, and in all probability a part of 
the limestones below the shales also belong to that group. The 
lower light-colored limestones represent the Helderberg group, 
and their dolomitic strata may be equivalent with the lower 
beds of Mackinac Island, and with the subjacent Onondaga group. 
The deposit of rock-salt is at all events identical with the rock-salt 
deposits of Goderich in Canada, and with the Onondaga salt deposits 
of New York State. The salt brine of Saginaw valley belongs to an 
entirely different and much higher horizon, to the Waverly forma- 
tion. After the boring was finished, pumps were set in the tubed 
hole, and a concentrated brine was lifted to the surface, which, 
after pumping for a while, became weaker and weaker, until at last 
a very weak brine only came up. . If the pumping was interrupted 
for some hours and commenced again, a strong brine could be 
obtained for a while, when the weaker grades would reappear. 
This discouraged the owners of the well, so that nothing more was 
done. I told them the reasons for this, explaining to them that 
the salt being in solid condition, had to dissolve first in the water 
which runs upon it from above, and required time to become satu- 
rated, so that after the strong solution, the quantity of which could 
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only be small, proportionate to the surface of salt rock exposed to 
the solvent, was pumped out, it was to be expected that only a 
weak brine could be obtained. But this would have soon reme- 
died itself; by constant pumping a larger cavity would have been 
formed, and the surface offered to the water for solution would 
constantly have increased, so that a reservoir would finally be 
formed capable of furnishing a supply of strong brine which 
could no longer be exhausted by the pumps. Whether any use 
was made of these hints, I do not know, but the fact is that this . 
very valuable discovery has lain idle for several years, which is 
much to be regretted, as I have not the least doubt that, by a 
little patient application of the pumps, it would soon yield a con- 
stant supply of strong brine. The highest beds of the Hamilton 
series at Thunder Bay are seen at Partridge Point, on the south 
side of which, in Squaw Bay, the bituminous black shales of Ohio 
directly overlie them. Sulphur Island, in front of Squaw Bay, is 
also covered by the black-shale formation. 

The top layers on Partridge Point are thin-bedded, hard lime- 
stone slabs, seen in the thickness of a few feet; they contain no 
fossils. Next below them follow calcareo-arenaceous shales of 
bluish or greenish color, alternating with seams of limestone, which 
face the lake in a bluff along the north side of the point, pro- 
jecting about 12 or 15 feet above the water level. The shales 
and limestone beds are crowded with fossils in a good state of 
preservation. A great variety of Bryozoa, particularly of the ge- 
nera Fenestella, Polypora, Hemitrypa, Stictopora, Fistulipora, and 
Trematopora, belong to the most abundant forms, besides corals, 
Cystiphyllum Americanum, Cyathophyllum geniculatum, Cyathoph. 
Hallii, Diphyphyllum Archiaci, and various forms of Favosites, 
Syringopora, Aulopora, Dendropora. Crinoids are very well repre- 
sented by the genera Megistocrinus, Dolatocrinus, Nucleocrinus, 
Pentremites, Lepadocrinus. Of Brachiopods occur: Atrypa reti- 
cularis, Spirifer granuliferus, Spirigera concentrica, Cyrtina Ham- 
iltonensis, Terebratula romingeri, etc.; of Trilobites, Phacops bufo 
and a species of Preetus. In front of these bluffs, at a distance of 
about one mile, are two islands, Bear Island and Grass Island, on 
which I expected to see the next lower beds exposed, but all their 
surface is composed of boulder drift. 

Likewise on the main shore, the rock strata below the shales of 
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the bluffs are hidden from view; between the next point north- 
ward, Stony Point, and Partridge Point, a low, swampy space 
about a mile in width extends, on which no rock ledges can be 
seen; it is, however, evident, from the strike and dip of the strata, 
that the beds composing Stony Point are below those of Par- 
tridge Point, and that no great mass of rock strata can intervene 
between them. The ledges of Stony Point are first noticed 
submerged, while northward, by a gradual rise of the strata, they 
project about three or four feet above the water level. They area 
light-colored limestone, full of large convex masses of various species 
of Stromatopora, particularly Str. monticulifera and Str. Wortheni. 
Some deeper ledges of darkercolor and of a nodular structure, 
with intermingled shaly seams, are rich in many species of fossils, 
chiefly Cyathophyllum Houghtoni, Cyathophyllum Hallii, Cysti- 
phyllum Americanum, Diphyphyllum Archiaci, Cyathophyllum pro- 
fundum, Favosites Hamiltonensis, Favosites nitella, Alveolites 
subramosus, various forms of Syringopora and of Aulopora, and 
numerous Bryozoa. Of Brachiopods, I may mention Atrypa reti- 
cularis, Spirigera concentrica, Spirifer mucronatus, Spirifer zigzag, 
Cyrtina Hamiltonensis, Pentamerus aratus, Strophodonta demissa, 
Strophodonta erratica, Crania Hamiltoniz, Crania crenistria, with 
a number of others. 

Analogous rock beds form the surface rock over an extended 
space west and northwest from Stony Point. The hillsides lin 
ing the south side of Thunder Bay River, in Sections 28 and 20 
of Alpena town, present a number of exposures of the strata 
in question. The highest beds seen in these localities are light- 
colored limestones containing few fossils beyond some Crinoid 
stems and ramulets of Bryozoa. Under them follow nodular 
limestones abounding in irregular, flexuous seams of black bitu- 
minous shale matter. The mass of these limestones is almost 
entirely composed of different species of Stromatopora, Favosites 
Hamiltonensis, Cyathophyllum profundum, Cyath. Houghtoni, 
etc. Somewhat lower strata are of a lighter blue or drab color, 
with the shaly seams very prevalent throughout the ledges. They 
are very fossiliferous, containing about the same forms as have 
been enumerated as belonging to the lower beds of Stony 
Point, besides a few others not seen there, as Cystiphyllum 
ageregatum, and large lumps of Chetetes and of a Fistulipora 
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species. At the foot of the hills, below these shaly layers, about 
15 feet of light-colored limestones, in beds six or eight inches 
thick, are the lowest seen in the outcrops; they contain but few 
fossils, and not any of them characteristic of a certain horizon. 
The total depth of strata composing these outcrops is from 50 
to 60 feet. On the north side of Thunder Bay River another 
series of rock beds is found, which I suppose to be the next in suc- 
cession below the section just described. The marshy, level sur- 
face on which the north half of Alpena village is situated is under- 
laid by light-colored limestones inclosing a profusion of Stroma- 
topora plana and many corals, as Favosites, Cyathophyllum, Cysti- 
phyllum, partly in silicified condition. The next deeper strata, 
exposed on the side of the first lake terrace, contain, besides the 
aforementioned corals, silicified stems of Favosites radiciformis, 
Cladopora Alpenensis, Michelinia insignis, Favosites radiatus, Cya- 
thophyllum Hallii, and numerous other fossils. Among the lower 
ledges of this horizon a bed is almost exclusively filled with dis- 
connected shells of Cyrtina umbonata. In further descending 
order, beds of a coarsely crystalline, drab-colored, and sandy-look- 
ing limestone occur, which contain only a few fossils, but interlami- 
nated with them is a seam of much lighter-colored, smooth fractur- 
ing lime rock full of fossils, among which Chonophyllum ponde- 
rosum and Strombodes Alpenensis are peculiar to this stratum. 
Still below them we find compact dark gray or bluish-colored lime- 
stones of crystalline fracture, and almost entirely composed of 
broken shells and Crinoid stems. This rock is quarried in several 
localities, being the only good building-stone to be had in the 
vicinity of Alpena. The total thickness of the rock series de- 
scribed on the north side of Thunder Bay River is about 50 feet. 
The lowest of the beds, all of which were in nearly horizontal posi- 
tion, are visible in the circumference of a small, abrupt hillock on 
which Mr. Phelps’s lime-kilns stand, in an uplifted position, dip- 
ping away from the central, bubble-like protrusion at an angle of 
25 or 30 degrees. Several such hillocks are noticed within the 
space of half a square mile. The central mass of the hillocks 
is a whitish, fine-grained, pure limestone, of brecciated struc- 
ture, and of smooth, conchoidal fracture, pervaded in all directions 
by fissures filled with calcspar and mottled by cloudy seams of light 
green or reddish color. It contains a great abundance of fossils, 
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particularly Stromatopora Wortheni, Favosites Hamiltonensis, 
Cyathophyllum profundum, Strombodes Alpenensis, Chonophyllum 
ponderosum, many Bryozoa and various Brachiopods of the usual 
Hamilton species, etc. The rock makes an excellent white, quick- 
slaking lime. Similar strata of less brecciated structure, and inter- 
laminated with soft, soap-like, whitish green clay are uncovered in 
the race of Mr. Broadwell’s saw mill on Thunder Bay River. The 
clay incloses a profusion of splendidly preserved Bryozoa and corals, 
also some Crinoids (Dolatocrinus) and Brachiopods. The exact rela- 
tive position of the strata exposed in this locality I was unable to 
ascertain. A bubble-like upheaval of the beds has its centre in 
the river bottom and by the dam thrown across the river—the most 
instructive portions of the section are thus set under water. Only a 
short distance up the river, on the side of the road leading to Trow- 
bridge’s mills, a small knob is formed by the same light-colored, 
smooth fracturing, brecciated limestones, which there seem to re- 
pose in undisturbed original position on blue calcareous shales, 
with seams of silico-argillaceous limestone. The river, which 
passes only about 100 steps from the hillock, has cut its bed 
through these subjacent shales to a depth of 50 feet, and 
for a whole mile the ledges are exposed in high bluffs. The 
shales inclose a great variety of well-preserved fossils: Atrypa 
reticularis, Spirigera concentrica, Cyrtina Hamiltonensis, Cyrtina 
umbonata, Spirifer mucronatus, Spirifer divaricatus, Spirifer granu- 
liferous, Spirifer fimbriatus, Terebratula Linkleni, Strophodonta 
demissa, Pentamerus papilionensis, Crania crenistria, Crania Ham- 
iltoniz, and numerous Bryozoa, Phacops bufo, etc. A few inter- 
stratified seams of a silicious limestone are a conglomerated mass 
of silicified shells of Cyrtina umbonata and of a few specimens 
of Spirigera concentrica. 

The argillaceous limestones interstratified with the shales 
were a number of years ago used for the fabrication of hy- 
draulic cement. Expensive kilns stand abandoned at the foot of 
the river bluffs. Mr. Trowbridge, their former owner, informs 
me that sometimes an article of very good quality was pro- 
duced, but the success was so uncertain that the cement never 
came into reputation in the market, and after a short time he 
gave up the undertaking. Whether the failure to make a uniform 
product was in the use of different beds, some of which would not 
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answer, or in the management of the burning process, I can not 
tell. 

From Trowbridge’s mills, higher up the river, the strata are hid- 
den from view for several miles ; they appear again under the bridge 
crossing the north branch of Thunder Bay River. Judging from the 
rock character and the fossils, the strata belong to about the same 
horizon as those near Trowbridge’s mills. 

In Township 32, R. 6, east, Section 34, on the farm of Mr. 
Marston, close to his dwelling-house, a large funnel-shaped sink- 
hole without an outlet attracts attention. It occupies the area 
of a few acres, and has a depth of about 25 feet; a strong spring 
issues from the side of the depression and disappears again in its 
bottom in the crevices of the rock. 

The bottom strata, seen in a thickness of about- 8 feet, are 
hard, bituminous limestones, with delicate laminar striation in the 
direction of the bedding and fissible into thin flags. Near the 
upper terminus of the rock strata a seam about one foot in thick- 
ness of acellulose, brecciated quartz rock, mottled with various 
red, brown, or yellowish colors, and containing distinct casts of fos- 
sils, is intercalated. Above it follows a coarsely crystalline, tough, 
brownish-gray dolomite, which contains large Euomphalus-like 
coiled shells, Cystiphyllum, and indistinct specimens of Stromato- 
pora; its thickness is from 8 to Io feet. Next above is a sili- 
cious limestone full of silicified specimens of Stromatopora Wor- 
theni, Favosites digitatus, Syringopora nobilis, Spirigera concen- 
trica, and the same large coiled shell as in the dolomites below ; its 
thickness is 4 or 5 feet, and over the top a few layers of com- 
pact, light-colored limestones are spread. About a mile from 
Marston’s the road passes not far from the river, where it inter- 
sects the southwest corner of Section 34 in the same town. It 
flows there in a long series of rapids, over hard, bluish, crystalline 
limestones containing shell fragments and Crinoid joints. The 
banks of the river, about 18 or 20 feet high, are all formed 
of drift, and the relative position of these rock beds can not 
be made out. On Section 28 of the same township, on Mr. 
Johnson’s farm, in a well 21 feet deep, blue-colored argilla- 
ceous limestones and intermediate shale beds were penetrated ; of 
fossils, I noticed in them Atrypa reticularis, Spirifer fimbriatus, 
Spirifer granuliferous, and Crinoid stems; one of the layers was a 
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coarse-grained, gray dolomitic rock identical with the dolomite rock 
in the sink-hole on Mr. Marston’s farm. The horizon of all these 
rocks seems to be below the strata of Thunder Bay River near 
Trowbridge’s mill. For a circle of many miles around the lo- 
calities described, rock beds of the same horizon seem to 
occupy the surface, covered by a more or less considerable coating 
of drift material. The drift soil of this region is a fertile, gravelly 
loam, which was densely covered with forest until a number of 
years ago fires swept through them, totally destroying them for 
many square miles. By this clearance of the productive soil, nume- 
rous settlers were attracted to the spot, whose fields have now a 
really promising aspect. Wheat, oats, grass, and potatoes give 
very good crops, which, from the vicinity of the lumbering districts, 
always find a ready market and good prices. Mr. Johnson told 
me he raised for three successive years nearly a hundred bushels of 
oats from an acre of land. I sawsome of his oats, which were 
heavier than any I had seen before, and certainly, even if the hun- 
dred bushels to the acre were a slight exaggeration, indicated 
much fertility of soil. An interesting feature of this district are 
the numerous sink-holes found in it, hundreds of which may be 
counted along the headwaters of Thunder Bay River; some are 
small, funnel-shaped depressions, dry on the bottom, or containing 
waterpools; others are narrow, vertical clefts, described to me by 
the woodsmen as sometimes 80 and 100 feet deep; and it is 
said of one which I passed that a large stream of water rushes 
across its bottom. A fewof these sink-holes, as mentioned before, 
are of very large size, and form lakes. One of the latter is Sunken 
Lake in Township 33, R. 6, Section 32. It is about one mile and 
a half long, and in its widest part 500 yards. During the wet season, 
it is filled with water, having a depth of go feet ; its overflow forms . 
a branch of Thunder Bay River, which at that time is used for float- 
ing logs from the surrounding pineries to the saw mills of Alpena. 
During the dry summer season, the water almost totally disappears 
from the lake, making its escape through the rock crevices in its 
bottom. Formerly the water flowed off very rapidly, making a 
strong whirlpool. The lumbermen, in order to keep the water in 
the lake, threw masses of brush and even whole trees and rocks 
into the crevices to stop them up, and partially succeeded, but the 
water soon again cleared its passage through those obstructions ; 
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its efflux was retarded only, not prevented. At the time of my 
visit in June I found the lake 25 feet below high-water mark. 
At its west end a vertical rock wall about 15 feet high ascends 
from the water; the ledges are dolomitic limestone from 18 
inches to 2 feet thick, of light gray color, separated by thin, 
intermediate shale seams; they contain Atrypa reticularis, Spirifer 
granuliferous, Strophodonta demissa, and Crinoid stems. The posi- 
tion of the beds is visibly inclined toward the lake. The beds 
next to these, in the ascending line, are exposed at the south 
shore of the lake; they contain an abundance of Stromatopora 
Wortheni and Stromatopora monticulifera, Cyathophyllum profun- 
dum, various species of Favosites, Alveolites Goldfussii, heads of 
Dolatocrinus and Megistocrinus, Atrypa reticularis, Strophodonta 
demissa, Spirifer mucronatus, Spirifer granuliferous, and other 
fossils. The outlet of the lake when its basin is full is at the south 
end. When I saw it, the bed of the creek lay perfectly dry, and be- 
fore reaching its level the water would have had to rise at least 
Zor feet. 

The outlet of Long Lake, in Township 32, R. 8, east, is formed 
by a similar large sink-hole. During the wet season this basin is full, 
and a large creek flows in rapids and small cascades toward Lake 
Huron. In summer-time, the basin, all formed of solid rock, 
lies perfectly dry, and the water, discharged from the main body of 
the lake above, runs off through subterranean crevices. 

The surface rock of the shore-belt from Long Lake southward to 
the north point of Thunder Bay, inclusive of Thunder Bay Island 
and Sugar Island, belongs all to about the same geological horizon. 
It is composed of an alternation of limestones, partly of gray, partly 
of black color, with interstratified seams of shales, which are also 
black or dark gray. Some beds are of nodular, concretionary struc- 
ture, almost entirely composed of various species of Stromatopora, 
Cyathophyllum profundum, Favosites Hamiltonensis, Favosites 
_ digitatus, and other corals and shells, particularly Brachiopods. 
The exuberance of fossils in the strata is most beautifully exhibited 
in the shoals of the lake north of Thunder Bay Island, where any 
one sailing over them can see for miles the whole bottom paved with 
corals in convex lumps, from a few inches to some feet in diameter, 
their white, sparry substance contrasting beautifully with the dark 
limestone which incloses them. 
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The fossils found at Stony Point, south of Alpena, are mostly 
identical with the fossils found in the Thunder Bay Island strata, 
but I believe the latter to be of a lower position than the first. 
The fauna of the Hamilton group remains through the whole 
period essentially the same, and a repetition of fossiliferous rock 
beds containing the same species in different horizons is a fre- 
quently observed fact. The position of the strata of Thunder Bay 
Island is below that of the shale beds in Thunder Bay River near 
Trowbridge’s mills. The road from Alpena to Long Lake passes 
the lime-kilns of Phelps, where a whitish brecciated limestone forms 
the nucleus of several bubble-like hillocks ; the same limestone is 
noticed resting on the shales of Trowbridge’s mills. In going 
north from Phelps’s quarries, the surface rock retains the same char- 
acter for several miles, the various beds which happen to be expos- 
ed being sometimes fossiliferous, at other times not, while in places 
layers are filled with hornstone concretions. Two miles south of 
Long Lake, we come upon black, shaly limestones containing Atrypa 
reticularis, Spirigera concentrica, Strophodonta demissa, Stropho- 
donta erratica, Pentamerus papilionensis, Spirifer granuliferous, Cyr- 
tina Hamiltonensis, Cyrtina umbonata, and Terebratula Linkleni, 
besides corals and Bryozoa. These beds evidently underlie the 
others. We find the black, shaly limestone continued from there as 
the highest stratum on the hilltops bordering Long Lake, which 
have an elevation of about 75 feet above its level. Descending to 
the lake, underneath the black strata, gray limestones are found, 
inclosing afew specimens of Stromatopora, Favosites, Atrypa reti- 
cularis, Spirifer granuliferous. Lower beds are a coarsely crys- 
talline, crinoidal limestone, and the base of the hillsides, to within 
about 30 feet of the water level, is formed by an alternation of 
shales, nodular seams of limestone, and some heavier massive lime- 
stone ledges, all of which contain an abundance of specimens of 
several species of fossils. The fossils are partly in silicified condi- 
tion. The following is a list of the collected specimens: Stromato- 
pora Wortheni, Stromatopora monticulifera, Cystiphyllum America- 
num, Cyathophyllum profundum, Cyathophyllum scyphus, Favo- 
sites Hamiltonensis, Favos. digitatus, Cladopora, Syringopora, vari- 
ous Bryozoa, Atrypa reticularis, Spirifer mucronatus, Spirifer granuli- 
ferous, Cyrtina Hamiltonensis, Cyrtina umbonata, Orthis Tulliensis, 
Spirigera concentrica, Terebratula Linklzni, Pentamerus costatus, 
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Strophodonta erratica, Strophod. demissa, Productella dumosa, a 
large Myalina Euomphalus, etc. 

A few miles east of Long Lake we find the shore of Lake 
Huron lined with exposures of the black, shaly limestones, 
agreeing with the strata on top of the hills near the former, 
everywhere containing an abundance of Stromatopora Favo- 
sites, Cyathophyllum profundum, as the prevailing fossil forms, 
besides other species common only in certain localities; as, for 
instance, a species of Zaphrentis, which I found in great quan- 
tities at Section 34, in Township 32, Range 9, east, but which, in 
all other localities north and south from there, was rare 'or miss- 
ing. I also found Favosites digitatus more common there than 
elsewhere. On Thunder Bay Island, the variety of fossils in the 
black limestone strata is greater than I found it in any other 
place. Besides the above-mentioned leading forms of Stromato- 
pora and of corals, the strata are rich in Bryozoa and in Brachio- 
pods. Among the latter, I may mention Atrypa reticularis, Spiri- 
gera concentrica, Spirifer zigzag, Spirifer mucronatus, Terebratula 
Linkleni, Strophodonta erratica, and Pentamerus aratus. Ortho- 
ceras, Gomphoceras, Proetus crassimarginatus, and Phacops bufo 
also belong to the more common fossils of the island. Sugar 
Island represents the same strata, but the rock beds there are 
mostly covered by drift. Little Thunder Bay is a deep recess in the 
coast, situated in Township 31, R. 9, Section 75. Its entrance 
is very shallow, not always deep enough to admit a Mackinaw 
boat. The head of the recess is formed by a large sink-hole, 
which in the middle has a depth of 100 feet. A semicircle of 
rocky bluffs of from 25 to 30 feet elevation surrounds this deep 
pot-hole. The external portion of the semicircle is formed by the 
edges of horizontal rock beds projecting in vertical walls; a belt in 
front of them is composed of loose masses of the same rock, broken 
off and dipping in rapid inclination or in irregular, uptilted posi- 
tion toward the margin of the water-basin. The strata are the 
same as on Thunder Bay Island, but of lighter color, and more 
interlaminated with soft, shaly seams. 

One township further north, in T. 32, R. 9, Sect. 6, directly west 
of Middle Island, on the side of a small creek flowing southeast- 
ward into Lake Huron, a chain of vertical rock bluffs, about 
16 feet in height, is found commencing about half a mile from 
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the shore, and extending thence about one mile up the stream. 
The bluffs consist of nodular, unhomogeneous beds of limestones, 
interstratified with thin seams of shaly substance of black color. 
Nearly the entire rock mass is made up of specimens of Stromato- 
pora mingled with Favosites, Cyathophyllum profundum, Diphy- 
phyllum archiaci, and other corals, which, by exposure, easily be- 
come disintegrated. At the foot of the bluffs, blue shales are ex- 
posed which contain many fossils: Atrypa reticularis, Spirigera 
concentrica, Spirifer mucronatus, Spirifer zigzag, Spirifer granu- 
liferous, Rhynchonella, Strophodonta concava, Strophodonta de- 
missa, Chonetes coronata, Cyathophyllum Houghtoni, Cystiphyllum 
Americanum, Stromatopora monticulifera, Stromatopora Wortheni, 
Crinoid stems, and many Bryozoa. 

The lumps of coral and Stromatopora composing the upper 
beds of the bluffs take a good polish. Deceived by some good- 
looking polished samples, parties in Detroit were induced to buy 
the land on which the specimens were found, with the intention 
of opening a marble quarry. The shattered condition of the rock 
bluffs, which should have warned them at the first glance, was to- 
tally ignored, and in the vain hope that, by digging deeper down, 
a sounder quality of the rock would be found, a shaft was sunk 
into the shale beds under the bluffs to a depth of 50 feet. It 
was then that those concerned came to me, asking for advice, 
which I gave them with sincerity, but a little too late to save their 
purses. 

Another so-called marble quarry was opened a number of years 
prior to this experiment, by Mr. Crawford, in the vicinity of 
Adams Point, in Town. 35, Range 5, east, Sect. 24, which gave no 
better results. The rock has not the compactness and homo- 
geneous qualities requisite for marble. The beds in both men- 
tioned places seem to be identical. A belt of similar limestones, 
partly covered up by drift deposits, follows the northeastern shore 
of Grand Lake, connecting the two points. The blue shales below 
the rock in the one locality are not seen at Crawford’s quarry, but 
there is a probability that the blue shales penetrated in the artesian 
well at Alpena, 400 feet below the surface, may be the equivalent 
of them. The next lower beds to this series compose Middle 
Island, and identical with the Middle Island strata are the out- 
crops on False Presque Isle, where the ledges project in a low 
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bluff from the east shore of the island, and where, when the lake is 
quiet, a huge stairway, formed by large rock tables, divided by 
vertical fissures into rhomboids, can be observed, leading down, step 
by step, into greater depths, until finally lost to view. Presque 
Isle Lighthouse Point is composed of the same strata, and inter- 
mediate between the lighthouse and False Presque Isle, on several 
parts of the shore, they come to the surface, the rest of the shore- 
line being a sand or gravel beach. 

Significant of these strata are two fossils, which I found in every 
one of the outcrops observed. One is Lucina elliptica, the other a 
species of Euomphalus, closely related, or perhaps identical with 
Euomphalus Dekewyi of Billings. Associated with these fossils in 
the outcrops of Presque Isle are, Stromatopora textilis, Stromato- 
pora Wortheni, Diphyphyllum rectiseptatum, Favosites (rare), Spi- 
rigera concentrica (small, globose form), Spirifer gregarius, Atrypa 
reticularis, and Pentamerus. On Middle Island, I found, in addition 
to the first, Cystiphyllum, Atrypa reticularis with very fine ribs, a new 
species of Pentamerus (P. nucleolus), a Strophodonta, two species 
of Bellerophon, a Pleurotomaria, and several other Gasteropods, a 
large Myalina (M. carinata), Avicula flabella, and casts of other 
bivalves, Orthoceras, and a Nautilus with quadrangular oblong dia- 
gram of volutions. The scarcity of Favosites and Cyathophyllum 
in the strata of all the localities under consideration is peculiar ; in 
all the rock beds, above and below, these two genera are the 
predominating types. The rock ledges composing Middle Island 
are best exposed on the north side of the island; the ledges are 
uneven-bedded, not thick, a dark gray-colored, somewhat brittle 
limestone; some beds are mottled with porous, lighter-colored 
dots, and sparingly intermingled} with flint concretions. The 
whole thickness of the exposed beds ‘successively coming to the 
surface is not over 20 feet. The exposures at Presque Isle Light- 
house Point exhibit at the water’s edge limestones entirely similar 
to those of Middle Island; higher beds denuded during the ex- 
cavation of the foundation for the lighthouse are an easy weather 
ing limestone with an abundance of cherty concretions. 

At Crawford’s quarry the shore-belt rises in two terraces, partly 
covered by drift, partly presenting rock exposures. At the water’s 
edge, rock bluffs projecting to a height of from 10 to 15 feet are 
composed of drab-colored limestones mottled with darker, more 
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compact spots, while the surrounding lighter-colored rock mass has 
a certain degree of porosity. Lucina elliptica was the only fossil 
noticed. About 12 feet above the vertical bluffs is the level of 
the first terrace, the intervening space being apparently made up 
of limestone ledges of similar character to the lower beds. On 
this first terrace rises a second, its elevation above the first being 
about 25 feet. This likewise is formed of a continued series of 
lime-rock ledges, and these represent the quarry rock of the so- 
called Crawford’s marble quarry. 

The rock of this second bluff is deposited in uneven beds of quite 
unhomogeneous structure, not suitable for large blocks, and 
not susceptible of an equal polish ; some portions are porous, with 
dull, earthy fracture. Nearly the entire bulk of these rock beds is 
composed of several species of Stromatopora, Str. monticulifera, 
Str. Wortheni, and Str. textilis. Other fossils observable are Cyatho- 
phyllum profundum, Eridophyllum simcoense (similar to), Favosites 
(various forms), Atrypa reticularis, Strophodonta erratica, Lucina 
elliptica, Lucina sp. nov.and Orthoceras. The top of the second ter- 
race is covered by drift deposits. From this level, undulating high- 
lands extend southward, meeting the highlands surrounding the 
head branches of Thunder Bay River. Rock beds similar to 
those of Crawford’s quarry, or somewhat higher beds, are, all over 
these high plains, not very deeply covered by drift, and are fre- 
quently denuded. The principal denudations of the rock are 
confined to certain belts striking in a southeast and northwest 
direction. One of these belts may be indicated by a line drawn 
from the north end of Long Lake to the mouth of Oqueock River 
in Hammond’s Bay; another limestone belt can be followed 
from the head branches of Thunder Bay River (north branch) to 
Rainy River and Sheboygan Lake. 

The surface rock most frequently seen on these high plains is light- 
colored, of crystalline grain, and principally contains the already- 
mentioned species of Stromatopora; a species of Diphyphyllum 
is also quite common (Diphyph. rectiseptatum). In some localities, 
shaly beds, intermediate between the limestones, are very fossilifer- 
ous. On McArthur’s farm, 8 miles southwest of Crawford’s quarry, I 
collected from the material thrown out in digging a well, Favosites 
Hamiltonensis, Favosites digitatus, Cyathophyllum profundum, 
Chonophyllum ponderosum, Aulopora conferta, Stromatopora 
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Wortheni, Fistulipora, Atrypa reticularis, Pentamerus costatus, 
Streptorhynchus, Strophodonta concava, Strophodonta nacrea, 
Productella navicella, Cyrtina Hamiltonensis, Spirifer granu- 
liferous, Spirifer mucronatus, Lucina elliptica, several casts of 
Gasteropods, and dermatic plates of fishes. A continuation of 
the same range of rock exposures of the lower division of the Ham- 
ilton group is seen on Rainy River, 4 miles from its entrance into 
Black Lake (Sheboygan Lake), and in the rock bluffs facing Black 
Kakeun Town 735, KR: 2) east, 'Sect.*7: In both localities, from 30 to 
40 feet of strata are exposed. Highest are light-colored limestones, 
with Stromatopora and Cyathophyllum profundum, 20 feet in 
thickness, and somewhat variable in the structure of the single beds. 
Below these are about 12 feet of calcareous shales full of well-pre- 
served fossils, viz.: Cyathophyllum profundum, Cyathophyllum 
Houghtoni, Cyathophyllum resembling C. cornicula, Cystiphyllum 
Americanum, Favosites digitatus, Favosites Hamiltonensis, Za- 
phrentis, Syringopora nobilis, Fistulipora, Chetetes and other 
Bryozoa, Atrypa reticularis, Spirigera concentrica, Strophodonta 
demissa, Strophodonta concava, Spirifer zigzag, Spirifer granulifer- 
ous, and fragments of Preetus. Lowest are hard, smooth-bedded 
limestone strata containing few fossils. 

Westward from Black Lake, the environs of Mullett Lake and 
Burt Lake, and all the district north of them, up to the Straits of 
Mackinac, are deeply covered with drift deposits, with the ex- 
ception of the foot of the promontory at McGulpin’s Point, which, 
‘as we have seen before, presents the upper strata of the Helder- 
berg group. Much the larger portion of this district is covered 
by hard-wood timber and has a rich soil, which has attracted a good 
many settlers, and amply rewarded the labor bestowed on it. North 
of Burt Lake and in the vicinity of Turtle Lake, the land is sandy 
and poor, covered by pine forests, but toward Little Traverse 
Bay it becomes much better again. The soil in the vicinity of 
Sheboygan is a heavy but fertile clay. The clay of the drift 
formation furnishes an excellent material for brick manufacture. 
The north shore of Little Traverse Bay has no rock exposures. 
High drift bluffs ascend from the lake, and terrace by terrace the 
land rises into a plateau of about 250 feet elevation, which extends 
from the bay up to Cross village. 

The south shore of the bay ascends likewise in terrace form, 
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and the hilltops are composed of drift, but the lower levels along 
the shore are formed by an almost uninterrupted string of rock ex- 
posures, from the head of the bay clear round to Big Traverse Bay, 
where the last beds of the Hamilton group dip under the black 
shale at the village of Norwood, in the south corner of Town. 32, 
Range 9, west. The Hamilton group, as developed on the west 
shore, is chiefly a limestone formation, but its rock character differs 
in many respects from the Thunder Bay series. The first outcrops 
at the head of the bay are found about a mile and a half east from 
the mouth of Bear Creek, which enters the bay at the foot of 
the newly built village of Petosky, the present terminus of the 
Lansing and Saginaw Railroad. Below the railroad depot, vertical 
rock bluffs of 45 feet elevation face the bay; eastward the bluffs 
become lower, and finally disappear altogether, giving place toa 
sand and gravel beach which lines the east end of the bay. 

The lowest strata of these bluffs are seen on its eastern end, a 
blue, argillaceous, hard lime rock cropping out at a level with the 
water-line. The higher beds have almost the same lithological 
character, being light drab-colored, porous dolomites, with a dull, 
earthy fracture. The lower strata are very even-bedded, of finely 
laminated structure; they contain numerous band-like, compressed, 
carbonaceous, vegetable stems, similar to Psilophyton, and bones of 
fishes; the casts of small’ bivalve shells, or branching forms of 
Favosites also cover the surface of some ledges, but generally fossils 
are rare in these lower beds. The upper strata forming the verti- 
cal part of the bluffs are not always so regularly stratified; by 
weathering, the seams of the bedding become obliterated on 
the surface of the exposed walls, which sometimes appear to 
be one solid mass. By digging into them, however, the stratifica- 
tion becomes clearly observable. Some parts of the rock are 
mottled with darker, more compact blotches than the rest of the 
substance, which in a dry state rapidly absorb water. These 
blotches seem to be portions of the rock unaltered from their origi- 
nal condition, while the lighter-colored surrounding mass has been 
leached out by percolating waters, which dissolved the sparry 
calcareous cement, whereby the fine crystals of the less soluble 
dolomite spar were held together, leaving the latter a soft, porous 
skeleton. 

Fossils are very abundant in these upper layers, but are not 
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equally distributed in the horizontal extension of a bed. We 
may, in one part, for a distance of many yards, scarcely see 
a fossil imbedded, when suddenly the same stratum becomes so 
completely crowded with them that the whole rock mass is 
a compact agglomeration of fossils, leaving no room for any in- 
organic limestone particles between. It is Stromatopora pustuli- 
fera in particular which is so abundant ; it grows in strumose, globu- 
lar masses, often several feet in diameter, tightly crowded together, 
and sparingly intermingled with other fossils. About 8 or 10 feet 
above this seam of Stromatopora pustulifera, another band follows, 
which is equally rich in a different species of Stromatopora, Stro- 
matopora cespitosa, a form of similar structure to the first, but 
growing in clusters of ramified stems, or in more massive, globose 
. form, and with much larger pustules, and always with well-preserved 
tissue fibres, which in Stromatopora pustulifera are nearly always 
obscure. The massive forms of Str. cespitosa resemble Stromato- _ 
pora monticulifera, but I do not believe them to be identical. As- 
sociated with the Stromatoporas, a number of other fossils are 
found in this locality, viz.: Favosites Hamiltonenis, Favosites digi- 
tatus, Cyathophyllum juvenis, Cystiphyllum Americanum, Diphy- 
phyllum rectiseptatum, Atrypa reticularis, Spirigera concentrica, 
Terebratula Linklzni, Pentamerus papilionensis, Spirifer fimbriatus, 
Strophodonta erratica, Conocardium (a small form), Pleurotomaria 
cavumbilicata, Phacops, Gomphoceras, Orthoceras, etc. A few years 
since, on the shore in front of the rock bluffs of Petosky, lime-kilns - 
were built, which at the time of my visit were not so far finished 
as to be in working order; but the experiments made with the 
rock on a small scale proved it to be well adapted for the pur- 
pose. As a building-stone it has not much value; it does not 
sufficiently resist atmospheric influences. ~ 

Prof. A. Winchell considers the position of these beds as 
lowest in the rock series of Little Traverse Bay, but from my own 
observation I am inclined to consider them as representing the 
upper part of the series, and as equivalent with tother strata 
which by Winchell have been designated as buff magnesian 
limestone. The rock bluffs just described are interrupted at 
the location of Petosky village, and replaced by a drift terrace. 
A quarter of a mile southwestward, close to the railroad bridge 
across Bear Creek, a few ledges of the same rock seen in the 
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bluffs are uncovered in the ditches of the road bed, and descending 
at this point to Ingall’s mill, situated about 40 feet lower, we find, 
next under these ledges, hard, bluish-colored limestones contain- 
ing Stromatopora monticulifera, Stromatopora Wortheni, and Cya- 
thophyllum profundum. At Porter’s old mill site, below the lime- 
stones, 6 or 8 feet of blue shales come out in the bed of the creek, 
filled with specimens of Cyathophyllum profundum, Favosites Ham- 
iltonensis, Atrypa reticularis, Strophodonta erratica, etc. Then 
follow limestones again, which form the bed of the creek down- 
ward to the foot of the race at Ingall’s mill, amounting to 
about 20 feet in the outcrop. They contain nearly the same 
fossils as the shale beds above. Following the bed of the creek 
down to its mouth, rock ledges are again several times un- 
covered, but their exact position with regard to the ledges of 
the upper part of the section is not seen. The total descent which 
the creek makes from the top of the railroad bridge to the lake 
shore is 90 feet, all of which is made up by limestone beds, with 
the exception of the mentioned seam of shales. About one mile 
west of the mouth of Bear Creek, an ascending section through 
the strata can be observed by following the lake shore westward, 
commencing about at the bottom of the section given above. 
The lowest ledges seen, partly submerged under water, are hard 
blue limestones of rugose surface, and interlaminated with seams 
of black bituminous shale. They contain Cyathophyllum profun- 
dum, Stromatopora Wortheni, Stromatopora monticulifera, and 
Atrypa reticularis. A few hundred steps farther, in a low bluff, 
about 12 feet of the next higher ledges are seen resting on the 
former; they consist of light-colored, brittle limestones, of fine- 
grained, conchoidal fracture, interstratified with calcareous shales. 
In places, the rock beds contain only few fossils, while the same 
strata may be crowded with them some steps farther on. The most 
common forms inclosed are Cyathophyllum profundum, Cysti- 
phyllum Americanum, Favosites Hamiltonensis, some Bryozoa, 
Spirifer pennatus, Spirifer mucronatus, Cyrtina Hamiltonensis, Stro- 
phodonta erratica, Strophodonta nacrea, Pentamerus papilionensis, 
and Atrypa reticularis. The outcrops are then interrupted by a 
high drift bluff which comes up to the shore ; at its foot sometimes 
one of the ledges of the beds referred to sticks out. On the other 
side of the drift bluff, which is only a few hundred yards wide, 


HAMILTON GROUP. : 57 


another outcrop of rocks faces the bay, which are the next higher 
beds succeeding those last mentioned. The lowest portion of 
them is a drab-colored, porous dolomite, full of Stromatopora 
monticulifera and Stromatopora Wortheni, Cyathophyllum pro- 
fundum, Favosites Hamiltonensis, etc. The upper portion is 
laminated with seams of a black, calcareous, combustible shale, 
which contain an abundance of Strophodonta erratica, ramulets 
of Favosites digitatus, and other fossils. The thickness of this 
dolomitic series is about 8 or Io feet. Above it is a stratum of 
soft blue shale of variable thickness, from 1 to 4 or 5 feet, which 
contains many finely preserved fossils, such as: Cyathophyl- 
lum profundum (Acervularia profunda), Cyathophyllum Hough- 
toni, Cyathophyllum Hallii, Cystiphyllum Americanum, Favo- 
sites Hamiltonensis, Favosites nitella, Aulopora conferta, Syringo- 
pora, Stromatopora plana, Stromatopora monticulifera, Stromato- 
pora Wortheni, a great variety of Bryozoa, Atrypa reticularis, Spiri- 
gera concentrica, Spirifer mucronatus, Spirifer granuliferous, Cyrtina 
Hamiltonensis, Strophodonta erratic, Terebratula Linkleeni, Cra- 
nia Hamiltoniz, Crania crenistria, Crania(?) radicans Winchell, Pho- 
lidops, Phacops bufo, etc. Above these shales follow drab-colored, 
porous dolomites similar to the beds at the base of the section, 
and containing about the same fossils ; from 10 to 15 feet of them 
terminate the outcrops in that locality. 

Several outcrops comprising about the same series of strata are 
found by following the shore westward for two or three miles. About 
three miles east of Khagashewung Point, the section through the 
heretofore considered beds is continued into higher strata (the so- 
called buff magnesian limestone of Winchell), which I believe to be 
equivalent with the Stromatopora beds composing the bluffs of 
Petosky. The section is as follows: Lowest, partly submerged 
under the water, are blue, hard limestones full ‘of Stromatopora, 
Cyathophyllum profundum, and Favosites Hamiltonensis ; above 
them are alternating seams of nodular limestones and of black, 
combustible shale, crowded with fossils similar to those in the for- 
mer stratum. Next follow several feet of gray limestones; some 
beds of them are of very fine grain, like lithographic stone, but 
brittle ; they contain but few fossils; a fossiliferous seam, with 
Cyathophyllum profundum, Favosites, and other fossils, overlies 
them; then come again from 6 to 8 feet of the brittle, smooth- 
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fracturing limestones, interlaminated with shaly seams, and fossi- 
liferous in nests. The limestone with smooth fracture like 
lithographic stone contains 98 per cent of carbonate of lime, 1 per 
cent carbonate of magnesia, and I per cent of insoluble silicious 
matter. Superimposed on these beds are drab-colored, porous 
dolomites, with Stromatopora monticulifera, Stromatop. Wor- 
theni, Cyathophyllum profundum, Favosites Hamiltonensis. The 
outcrop is at this horizon interrupted; it is the place where 
the fossiliferous blue shales of the other sections should be 
found, with the incumbent fossiliferous dolomites. A short 
distance behind the top of the bluffs which exhibit this section, 
a second terrace rises, which is composed of dark, drab-colored, 
crystalline dolomites, identical with those composing the rock 
bluffs of Khagashewung Point, or with the buff magnesian beds of 
Prof. Winchell. 

Khagashewung Point, for more than a mile’s length, is lined 
with vertical rock bluffs about 15 feet high. The lowest strata 
exposed along this point are light-colored, smooth-fracturing 
limestones, interlaminated with thin seams of shale, and with a 
bed of a crystalline limestone almost entirely composed of Cri- 
noid joints. Fossils are not numerous in them, and are of the 
usual kinds found in the other outcrops. Above them are some 
beds of a blue, argillaceo-arenaceous lime rock, containing many 
specimens of Cyathophyllum profundum, Favosites Hamiltonensis, 
Cystiphyllum Americanum, and Atrypa reticularis. Then follow 
light-colored limestones with earthy fracture and of thinly lami- 
nated structure, linear carbonaceous seams pervading them in the 
bedding plains. Their thickness is only a few feet, and they resem- 
ble the laminated, dolomitic beds at the foot of the Petosky bluffs, 
inclosing the same fish-bones and a few stems of Favosites. The 
higher part of the Khagashewung cliffs is formed by layers of a 
porous, crystalline dolomite, of a brownish yellow color, in thick, 
homogeneous beds, of variable finer or coarser grain. Fossils are 
generally rare, but in certain seams casts of Brachiopods, or dis- 
persed specimens of Favosites, Cyathophyllum profundun, etc., are 
noticed. Other beds are a coarsely crystalline, crinoidal limestone, 
with many other fractured shells besides the Crinoid joints. 
Atrypa, Spirifer, Cyrtina, Strophodonta, Rhynchonella, are the rec- 
ognizable forms; Proetus and Phacops are likewise to be found. 
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The highest beds observed on Khagashewung Point are thin- 
bedded, light-colored, brittle limestone ledges, lying in a few places 
on top of the brownish dolomite rock. From the saccharoidal, 
compact beds of the dolomite can be obtained good-sized blocks, 
which would answer for building purposes, being of sufficient 
durability and easily dressed. The position of the outcrops near 
the lake shore is very favorable for the opening of quarries, and 
for the transportation of the rock by vessels. 

An analysis of this dolomite gives: 
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West of Khagashewung, to the mouth of Pine River, the shore pre- 
sents numerous other outcrops of the beds below those forming the 
point, which, however, rarely emerge more than a few feet above the 
water level. Proceeding from the point westward, we first find the 
beds containing an abundance of Stromatopora, of which, in the 
dolomites of the cliffs, not a single specimen could be found. Fur- 
ther on, below the Stromatopora beds, light-colored, brittle lime- 
stones with conchoidal fracture are brought to the surface by the 
undulations of the strata; in places, these beds are rich in fossils, 
in others not. Strophodonta nacrea, Strophodonta demissa, Stro- 
phodonta erratica, Chonetes Emmetensis, Spirifer pennatus, Spi- 

-rifer mucronatus, Cyrtina Hamiltonensis, Terebratula Linklzeni, 
Atrypa reticularis, Spirigera concentrica, Pentamerus papilionensis, 
several forms of Bryozoa and corals, and some rare forms of Trilo- 
bites have been collected from them. In a few spots the still 
lower beds of hard blue limestone with Cyathophyllum profundum 
and Favosites Hamiltonensis, in alternation with black shale seams, 
are noticed. The blue fossiliferous shale beds (acervularia beds 
of Winchell) just reach the surface in the lake bottom half a mile 
west from the dock of Charlevoix. On the point, 3 miles 
west from the dock, some larger outcrops border the lake shore 
in low cliffs, elevated 5 or 6 feet above water-mark. Lowest is the. 
blue, hard lime rock with Cyathophyllum profundum, Favosites 
Hamiltonensis, Atrypa reticularis, etc., and above are light-colored, 
smooth-fracturing, brittle limestones with seams of shale, which are 
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in this locality very fossiliferous. There are: Spirifer pennatus, 
Chonetes Emmetensis, Strophodonta nacrea, and all the other 
fossils enumerated previously as existing in equivalent beds 
exposed west of Khagashewung Point and east of Charlevoix. 
From the frequent occurrence of a species of Stictopora in these 
beds, Prof. Winchell termed them Bryozoa beds. The shore line 
has here a north and south direction. Three miles south of the 
locality just treated of, some other exposures are found, and at 
about five miles from it we see the Hamilton group for the last 
time, exposed near Norwood. | | 

The beds at Norwood are higher than any of those in the sec- 
tions yet described. In the bluffs which have about 12 feet eleva- 
tion above the water level, we can observe about 25 feet of strata 
brought to the surface by an undulation. Lowest are dark, bluish 
gray, rough-fracturing limestones, with intermediate seams of shale, 
inclosing many specimens of Favosites. Above are thinly bedded, 
hard limestones, alternating with ledges or nodular seams of flint 
limestone, and flint beds of a laminated, banded structure; their 
thickness is about 8 feet. Some thicker ledges of limestone follow, 
having a smooth, conchoidal fracture. Next higher are gray, 
compact limestones with many fossils: Stromatopora similar to 
Str. Wortheni, Caunopora (thin stems with a ventral canal, of 
thickness from a straw to a goose-quill), Favosites Hamiltonensis, 
Favosites digitatus, Cyathophyllum Houghtoni, Cyathophyllum 
geniculatum, Aulopora, Strophodonta erratica, Pentamerus (a 
large, globose form), and several others. The highest strata are 
coarse-grained, crystalline dolomites, of light gray color, some 4 or 5 
feet in thickness, which contain Stromatopora and other fossils 
in very imperfect preservation, while numerous druse cavities, 
once the beds of fossils, are lined with spar crystals and partially 
filled with rock oil. 

A chemical analysis of the dolomite gave: 
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In immediate superposition on the dolomite beds, the black shale 
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formation, the equivalent of the Genesee shales of New York, is de- 
posited. . 

In the drift composing the lake terraces on the south shore of 
Little Traverse Bay, large numbers of slabs of a tough black shale 
are intermingled. The shale is easily ignited, burning with a 
bright flame, and is by many persons taken for coal, or as an 
indication of the existence of coal in that district. The shale 
contains a great abundance of well-preserved fossils of the Hamil- 
ton group, in calcified condition ; fan-like expansions of Fenestella, 
Polypora, each genus represented by various species, Stictopora, 
Fistulipora, and other Bryozoa are in great perfection; several forms 
of Stromatopora, incrusting other fossils, or in laminar expan- 
sions, Cyathophyllum Houghtoni, Cyathophyllum profundum, Cys- 
tiphyllum Americanum, Favosites Hamiltonensis, Favosites digita 
tus, Aulopora, Syringopora, Tentaculites, Conocardium, Atrypa 
reticularis, Spirigera concentrica, Pentamerus papilionensis, Tere- 
bratula Linkleni, Strophodonta erratica, Strophodonta nacrea, 
Phacops bufo, and Proetus crassimarginatus have been noticed. 

During the description of the Hamilton series of Little Traverse 
Bay, several seams of similar black shales interlaminated with the 
other strata have been pointed out, but in none of the outcrops 
were more than a few inches of such shale beds noticed, while the 
slabs found in the drift seem to have been parts ‘of thick ledges. 
It is most likely the lower seam of the two, exposed below the 
horizon of the blue fossiliferous shales (acervularia shales), from 
which the drift specimens originate. 

The thickness of the rock series of the Hamilton group exposed 
along the shore of Little Traverse Bay is not accurately determina- 
ble. No continued sections through more than 50 feet of strata 
are seen in one place, and the rock character of beds in their hori- 
zontal extension is subject to so many variations, that no sure 
conclusion on the identity of rock ledges in distant outcrops can 
be based on it. The paleontological features of the strata are also 
not strongly marked. Although certain forms of fossils are gene- 
rally associated in certain layers, the majority of fossils charac- 
teristic of the Hamilton group are so equally distributed through- 
out its whole thickness, that all of them can be found in almost 
any position at the base or in the upper horizons. There are layers 
filled with the same species of Stromatopora found in repeated 
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superposition, which can not be distinguished if found in different 
localites, unless the sections exhibit the strata fully denuded 
so that their relative positions to other strata and to one another 
may be observed. The strata have retained their original position, 
but their horizontality is not perfect ; they rise and sink in undula- 
tions, adapting themselves tothe surface on which they were de- 
posited. By means of these undulations, lower or higher strata 
come repeatedly to an exposure, or disappear again, if we follow the 
horizontal level of the shore line of the bay, which approximately 
runs parallel with the strike of the formation, and would consequent- 
ly always present the same rock beds if the strata remained per- 
fectly horizontal. I estimate the thickness of the exposed rock beds 
at from 125 to 130feet. In the bluffs near Bear Creek, where we see 
the upper part of the series, 45 feet of rock beds are exposed in 
direct, vertical superposition, and by the slight rise of the strata 
toward the east, about 10 feet more of lower beds come to the 
surface. A continuation of this section downward is offered on 
Bear Creek, where we see, near the railroad bridge, some beds 
representing the rock of the bluffs, without being able to ascer- 
tain exactly which part of them. At all events, in the interval 
from the bridge to Porter’s mill, about 15 feet of strata, lower 
than any in the bluffs, can be seen; then follow 6 or 8 feet 
of blue shale, and below are again limestones amounting to 
about 20 feet in thickness, reaching the base of Ingall’s mill- 
race. Lower down the section can not be followed, but we find 
the same strata seen at Ingall’s mill on the shore exposures west 
from the mouth of the river, which beds, all added, make a series 
of something over 100 feet in thickness. If we add to them the 
25 feet of strata seen in ‘the exposures of Norwood, which are 
higher than any of the others, we have an estimated total thick- 
ness of 125 feet, which estimate may be perhaps as little lower 
than the actual measurement would give. The direct superposi- 
tion of the rock series of the Norwood exposures on the dolomites 
of Bear Creek bluffs or of Khagashewung Point is not seen; an 
interval of several miles separates the outcrops, which may hide 
some intervening ledges under its drift cover. 

The Hamilton exposures on the east and west side of the penin- 
sula exhibit not enough of lithological similarity to allow an iden- 
tification of certain beds or groups of beds on the two sides; also 
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the palzontological features of certain horizons in the group are 
not well enough marked to enable us to make such identifica- 
tion. The fauna of the Hamilton area remained uniformly the same 
from the beginning to its end, as I have intimated once before 
in a previous page. We find differences in the association of. fos- 
sils in various beds, but these are rather induced by local condi- 
tions favoring the development of certain forms and uncongenial 
to others, than by a change in the character of the fauna, whose 
standard representatives always make their appearance again, if 
they have been missing for a while in some of the layers. 

My estimate of the thickness of the Hamilton series in Thunder 
Bay region, about 600 feet, is based on the results of the artesian 
borings. heretofore given, which I will briefly recapitulate. I 
stated that the strata of Partridge Point and the next lower 
Stromatopora beds of Stony Point, with the intercalated fossil- 
iferous shale beds, amount in the aggregate to at least one hun- 
dred feet, and that their superposition on the beds in which the arte- 
sian boring begins is directly observable. The drilling went first 
through 400 feet of limestone strata of not accurately specialized 
character in the records kept of the boring, and below them, 
through a shale bed of 80 feet in thickness, containing a great variety 
of characteristic Hamilton fossils, proving positively a thickness of 
580 feet for the Hamilton series at this spot. This shale deposit 
I suppose to be identical with the blue shales penetrated toa 
depth of 50 feet under the limestone bluffs in Town. 32, R. 9, Sect. 6, 
by the exploring shaft of the attempted marble quarry. The rock 
series composing Middle Island, Presque Isle, and other localities, 
underlies the blue shales, and is in this report considered a part of 
the Hamilton group, and is not overestimated by allowing for it 
a thickness of 60 or 70 feet, which would give to the Hamilton 
series of Thunder Bay region a total thickness of 650 feet. 
According to the boring record, nearly 500 feet of lower strata in 
the drill-hole, down to the salt-rock deposits of the Onondaga 
group, should be claimed as representatives of the Helderberg 
group. 
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By this name a series of black bituminous shales are designated, 
which in the States of Ohio and Indiana are found in immediate 
superposition on the limestones of the Helderberg series, and which 
in the north part of the Michigan peninsula rest on the beds of the 
Hamilton group, as do the Genesee shales of New York, which are 
generally considered the equivalent of the black shale. 

By their lithological character, the black shales approach the 
shale and sand-rock beds of the Waverly group next succeeding 
them. 

A change of the ocean bed, causing a total change in the 'mate- 
rial of the deposits, had already begun while the black shales were 
forming; but the fossils inclosed within the shales, and in a series of 
shale and sandstone beds above them, in the so-called Portage and 
Chemung group, exhibit a yet greater affinity to the fauna of the 
subjacent limestone formation than to the fauna of the incumbent, 
lithologically nearer related beds of the subcarboniferous shale 
and sandstone formation. This is the regular order, in the suc- 
cession of strata, within the State of New York, and as in the 
States of Ohio and Michigan a similar order in the character of the 
rock beds resting on the black shales was observed, they were 
naturally supposed to be the equivalents of the Portage and Che- 
mung group. 

By the study of the fauna found in the upper part of this arena- 
ceous shale formation above the black shales in Michigan, Prof. 
A. Winchell came to the conclusion that those of the Chemung 
and Portage groups had a different character from the com- 
plex of fossils found in the supposed equivalent Michigan strata, 
which latter he declared emphatically to be of carboniferous type. 
He selected for this upper arenaceous rock series the name of 
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Marshall group, and, subsequently, from studying the Waverly 
group of Ohio, he recognized the identity of his Marshall group 
with the Waverly group. 

Between these fossiliferous Marshall sandstones and the black 
shales, in Michigan, nearly one thousand feet of rock beds of 
prevalently shaly, partially sandy, and sometime’ calcareous 
character, are intercalated, which are claimed, by Professor Win- 
chell as representatives of the Devonian fauna, with the same 
emphasis as he asserts the carboniferous character of the 
other. He combines them with the black shales into a sepa- 
rate group, which he names Huron Shales. We will subse- 
quently have occasion to learn that the shales, above the black 
shale and below the Marshall sandstones of Michigan, inclose 
absolutely the same fossils as are found in the Cuyahoga shales 
of the Ohio geologists, and which by Winchell himself are con- 
sidered as of a marked carboniferous faunal type, and as intimately 
connected with the fossiliferous sandstones of Marshall. The 
differences in the faunas are certainly not existing in this special 
case, and viewing the question from a general standpoint, the 
contrast between the fauna of the Chemung group and the fauna 
of the Waverly group is by no means so striking, that for the one 
a positively Devonian type can be claimed, and for the other a car- 
boniferous. | . 

The group of the Huron Shales, according to this view, shrinks 
back to the small basal portion of them, the black shales, which 
have been long known under this name, and are likely to continue 
to bear it for some time to come. 

Another objection to the adoption of this name is its similarity 
to the name Huron group, in well-established use for the lower 
metamorphic rock series of the Lake Superior district, which 
would unavoidably cause much confusion. 

A belt of the black shale formation intersects the north part of 
the peninsula. Its northern limits have already been delineated 
in describing the southern limits of the Hamilton group, extend- 
ing in an arch from Partridge Point, in Thunder Bay, to Nor- 
wood, in Big Traverse Bay. The southern extension of this belt is 
all hidden under drift deposits. Approximately, the slate belt is 
supposed to extend on the west side to the neighborhood of 
Frankfort, in the central part of the peninsula to Otsego Lake, and 
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on the east side to touch the shore line some miles south of Harris- 
ville. 

In unweathered condition the black shale is hard and _slate- 
like, of very even bedding, of finely laminated structure, fissible 
in thin leaves, which have some degree of elastic flexibility. 
Its color is usually a perfect black. In weathered condition, it 
becomes grayish, and splits open into paper-thin, laminar frag- 
ments ; exposed to the fire, it burns with a flame, but it is rarely 
rich enough in bitumen to sustain the heat for its own combustion. 
Seams of iron pyrites, or nodular concretions of it, and fine 
granular crystals are invariably found pervading the beds; also 
subordinate seams of lime rock, which frequently have cone-in- 
cone structure, are found interstratified ; but, most remarkable, are 
large, spherical, calcareous concretions, which not unfrequently are 
of almost mathematically true globe form, and sometimes of a di- 
ameter of from 5 to 6 feet—usually, however, of from I to 2 feet. 
The concretions must have formed while the shale mass was soft 
and bulky; by subsequent pressure of the incumbent sediments, 
the shale diminished its bulk, and was bent around the hard 
globes which did not yield to the pressure. 

The concretions are sometimes formed of a granular lime-rock 
mass, and often inclose organic remains, as bones of fishes or 
pieces of wood; in other cases they have a sparry structure, with 
elongated fibrous crystals radiating in all directions from the cen- 
tre to the periphery. The spar crystals are usually carbonate of 
lime darkened by bitumen, but in some localities it is a sparry car- 
bonate of iron which composes the concretions. The analysis of 
concretions of granular limestone structure, from the shales of 
Norwood, gave: 


Carbonate ot limicaemeietr: 26 at Behe ee 89 per cent. 
- ‘UMMA CMES TAME rot.) Sed Sie eee 7 eT 


Insoluble residue, bituminous and silicious, 7.5 “ 


On the surface of some slabs of cone-in-cone structure interlami- 
nated with the black shales, I found at Norwood large dermatic 
plates of Aspidichthys and specimens of a Lingula: fragments 
of wood (Dadoxylon) are likewise of common occurrence in that 
and other localities. 

North of Norwood, the black shales form bluffs 10 or 15 feet in 
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height, which, rising a short distance back from the shore line, re- 
pose on the ledges of the dolomite beds of the Hamilton group 
described in previous pages. South of Norwood village, the shales 
come close up to the shore in vertical bluffs of similar height ; 
the total thickness of strata seen in the bluffs, and in the hillsides 
rising behind them, is not over 35 or 40 feet. South of Norwood, 
the black shales are overlaid by light greenish, arenaceous shales 
which have frequent outcrops along the shore line for 9 or 10 miles 
southward, but this is all that can be seen of them; back from 
the shore, every thing is covered by drift. Fossils were not dis- 
covered in the light shales. 

The black shales are exposed northeast of Norwood on Pine 
Lake, and near Bear Creek the railroad to Petosky has laid open 
several sections through them, showing sparry, globular concretions 
inclosed ; pieces of Dadoxylon are likewise found there. 

In the ravines of the creeks leading into Mullett Lake and Black 
Lake, the black shales are frequently exposed. In Thunder Bay 
district, outcrops are along the south branches of Thunder Bay 
River. In Town. 31, R. 7, Sect. 19, the large globular concretions of 
the shale formation are composed of carbonate of iron, and weath- 
ered specimens transform on the surface into a bright-colored, 
reddish ochre. A number of years ago some parties opened ex- 
ploring ditches in search of that mineral paint, but abandoned the 
project when they found nothing but unaltered concretions of car- 
bonate of iron below the outer superficial crust which contained 
the decomposed ochraceous masses. On Squaw Point, and on 
Sulphur Island near Thunder Bay, the black shales are well ex- 
posed ; further south toward Harrisville, they are mostly covered 
by drift, and only here and there in a ravine can an outcrop be 
seen. On the opposite side of Lake Huron, at Kettle Point, in 
Canada, the black shales are splendidly exposed, where their super- 
position on fossiliferous limestones similar to those of Norwood 
can be seen. In this locality, the spherical concretions in the shale 
are larger and more abundant than I have seen them elsewhere. 

In the south part of the State, the black shales are not well ex- 
posed ; the drift, however, contains large quantities of the shale 
intermingled in the belt which is supposed to be underlaid by the 
shales, and in all the deep artesian borings the black shales have 
been found. 
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At Ann Arbor the drill hole sunk in the Court-House Square 
struck the black shales at a depth of 525 feet below the surface, 
their thickness there being 85 feet. In the south part of Washtenaw 
County, and in the northwestern corner of Monroe County, in well 
borings, the black shales are found usually not more than about 
100 feet below the surface. Frequently a stream of hydrocarbu- 
retted gas escapes from the drill holes after the black shales have 
been reached. 

On the farm of Mr. Kinear, on Saline River, near Milan Village, 
a well was bored with an auger through 106 feet of drift deposits, 
partly clay, partly gravel. When the auger came upon the black 
shales, suddenly, with a sort of explosion, hydrocarburetted gas 
escaped from the opening, carrying with it mud and water toa 
height of 30 feet above the surface. I visited the spot three 
weeks after, and found the gas still escaping in a continuous stream, 
which, at the opening of an inch iron pipe, burned with a bright, 
illuminating flame 8 inches high. On several other farms in the 
vicinity, similar gas wells were accidentally found while boring for 
water. 
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THE light-colored, greenish, arenaceous shales, on top of the 
black shale exposed along the shore of Big Traverse Bay, may 
possibly be an equivalent of the Erie shales of the Ohio geologists, 
but no fossils have been found by which this question can be 
determined, and no outcrops of equivalent beds are seen in 
any other part of the State. The shales in the southern part of 
the peninsula, which were considered by Winchell as a part of his 
Huron shales, occupy a higher position, and must ae identified 
with the Waverly group. 

The Waverly group is the most important rock series on the 
lower peninsula—not only because it forms the surface rock over 
the greatest part of it, but for its economical value. It is the re- 
pository of the Michigan salt brine, and furnishes almost the only 
good building-stone we have on the peninsula.. The Huron grind- 
stones, famous for their excellence, are likewise taken from this 
group. The Michigan salt group of Prof. Winchell is a series of 
rock beds above the Waverly group, which I shall consider in 
connection with the subcarboniferous limestones; they contain 
large quantities of gypsum, but no salt brines of practical value. 

The Waverly group forms, underneath the drift, the surface 
rock over half the extent of the peninsula, but its natural out- 
crops are very limited, either horizontally or vertically. The 
upper division of the group is much better exposed than the 
lower, which in part is only known through the results of deep 
borings, information of a very unsatisfactory kind. The vicinity of 
Port Austin and the shore belt east and west from it offer a very 
good field for the study of the upper part. 

From the west end of the village, to Flat Rock Point, the shore is 
nearly all the way lined by low cliffs of a coarse-grained, soft, 
whitish sand rock, in thick, massive beds. The cliffs have an ele- 
vation of from 8 to 10 feet above the water-level, and on the rising 
ground back from the shore, additional ledges of a similar sand 
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rock are superimposed, bringing the total thickness of this sand- 
rock deposit to 30 or 35 feet. West of Flat Rock Point, the cliffs 
are interrupted, and at the base of the massive ledges, thin- 
bedded, more finely grained, sandy flagstones, partly of red, partly of 
greenish color, come to the surface. Some distance further on, at 
the mouth of a small creek, lower beds of a micaceous greenish 
sand rock, rich in calcareous cement, and partly conglomeratic, 
barely emerge from the water, and in seams are very fossilife- 
rous. The fossils are Nucula Hubbardi, Solen quadrangularis, 
Goniatites Marshallensis, Orthoceras, Rhynchonella, Productus, and 
other forms identical with those found in the sandstones of Mar- 
shall. Toward the mouth of Pinegog River, west of the creek, the 
rocks disappear, but Hat Point, 3 miles from that spot, is again — 
formed of rock cliffs, 15 or 18 feet high, composed of the same 
coarse-grained sand rock as the cliffs of Flat Rock Point. One of 
the rock masses forms a small island in the shape of an inverted 
cone, resting on a slender base, and expanded above into a dis- 
coid platform overgrown with trees. This, bearing a general 
resemblance to a hat, gave the point its name. At the foot 
of the cliffs, the greenish, micaceous sand-rock ledges come 
out, but show no fossils. The cliffs of Hat Point recede some 
distance from the shore in a southeast direction, forming the mar- 
gin of a terrace; westward, bluffs of drift sand take their place ; 
only at intervals does the sand rock show itself on the surface, in 
small, circumscribed spots—as, for instance, on the roadside near 
Mr. Smalley’s farm-house. On Mr. Klump’s farm, southeast of 
Oak Point, the sand rock is covered by fossiliferous limestone 
ledges, which represent the basal part of the next higher group of 
rocks. South of Port Crescent, on the branches of Pinegog River, 
the water frequently flows over denuded ledges of a sand rock, 
and through this whole district only a thin coating of drift, rarely 
more than 20 feet in thickness, is spread over the rock, which re- 
sembles the finer-grained beds below the cliffs of Flat Rock, but con- 
tains no fossils in the localities examined by me. Further south, 
toward Badaxe and Verona, the drift is much deeper, and the rock 
beds are not within reach by well-excavations of ordinary depth. 
Very large metamorphic boulders are strewn over the surface of 
some fields, but the soil of this vicinity is generally good. 

On the east side of Port Austin, we find the cliffs of Point of 
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- Barques composed of the same coarse-grained sand rock as Flat 
Rock Point ; they rise vertically from the lake to a height of about 
20 feet ; the rock is harder and more greenish than at Flat Rock, 
more like the cliffs of Hat Point. An impression of a Goniatite 
and casts of a Rhynchonella are the only fossils I observed in it. 
The strata at the base of the cliffs are of a darker greenish tint and 
of finer grain, and; are so undermined by the water that large 
masses have tumbled over into the lake, or stand like inverted 
conical masses, as at Hat Point, resembling at a distance barks at 
anchor. It is from this that the name of the point is derived. 

In the drift masses covering the cliffs, slabs of a calcareo-ferru- 
ginous sandstone are quite abundant, which are almost totally 
composed of casts and shells of Rhynchonella camerifera and Cen- 
tronella Julia, together with a few other shells and stems of bryozoa. 
These fossiliferous, loose rock fragments were long since dis- 
covered, but their exact position in the series was not known. By 
following the sand beach east of Point of Barques, toward Burnt 
Cabin Point, quantities of similar fossiliferous slabs, but evidently 
freshly broken from the ledges, are thrown out by the lake; the 
stratum, consequently, must be denuded under the water-level, and 
have a position only a few feet below the base of the cliffs. The 
reddish, thin-bedded flagstones next below the cliffs of Flat Rock 
are probably representatives of the same horizon. . 1 found in them, 
sparingly however, specimens of Rhynchonella camerifera. The 
cliffs of Point of Barques, at the old mill erected there, recede from 
the immediate vicinity of the shore, and continue southeastwardly, 
as a terrace-like bluff of about 30 feet elevation, at some distance 
‘from the lake, passing the grindstone quarries and extending to 
Willow Creek. The low shore belt in front of the bluffs is under- 
laid by the grindstones which have frequent exposures between 
Burnt Cabin Point and the grindstone quarries, and beyond them 
to Willow Creek, with some interruption by sand beaches. 

The grindstone quarries are opened in a part of this shore belt 
where the rock faces the lake in vertical bluffs of from 5 to 15 feet 
elevation. A thin coating of boulder drift covers the surface of 
the level ground extending to the foot of the terrace formed by 
the cliff rock of Point of Barques, half a mile back from the shore. 
The layers found next under the drift are thin-bedded, brittle 
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slabs of chocolate-brown color; below them is usually found a 
band of conglomerate not over a foot in thickness, composed of 
pebbles of sizes ranging from that of a pea to that of a hazle- 
nut. Then comes a fine-grained, micaceous, greenish-colored sand 
rock, and a few feet below the upper conglomerate another seam of 
it often follows ; but these conglomerate bands are not regular; they 
wedge out on both sides, while, in places, no such seam is developed. 
The conglomerates contain a large proportion of calcareous cement, 
and are usually very hard. The sand-rock beds between the con- 
glomerates often contain single pebbles scattered through them, and 
globular concretions from the size of an egg to that of a man’s fist, 
of extremely hard, calcareous sand-rock mass, which, split open, 
are nearly always found to inclose some kind of a fossil, bones 
of fish, or Goniatites, etc.; the same fossils are found in the 
conglomerate seams. The sand-rock ledges inferior to the con- 
glomerates represent the useful quarry rock, having a total thick- 
ness of about 16 feet. It is a middling, fine-grained sandstone, 
micaceous, of bluish or greenish color, in places very regularly strat- 
ified, and all through homogeneous, splitting in even beds, with 
sometimes ripple-marked surface. In some parts of the quarries, 
however, the bedding is discordant, as it is found in every sand- 
stone formation, involving a greater proportion of waste. Some- 
times also layers are damaged by single quartz pebbles scat- 
tered through them, which unfit them for use as grindstones. 
The rock is split into plates of any desirable thickness, dressed 
roughly with the hammer, and is then finished by a steam-turning 
machine; portions also are sawed into strips for use as whetstones. 
Grindstones of 6 and 7 feet in diameter can be easily obtained. 
The blocks not well suited for grindstones are either dressed on 
the spot as building material, or are shipped in the rough, to be 
used for the same purpose. 

I have already mentioned the occurrence of Goniatites and Fish 
remains in the conglomerate beds and in the calcareous concretions ; 
the same fossils, although more rarely, are also found in the other 
parts of the rock series. Teeth and spines of various fishes of 
the shark family are found in great perfection; among these I may 
mention a tooth of an Orodus 4% inches long. This specimen, 
besides a number of others, I gave into the hands of Prof. New- 
berry for description, the study of fossil fishes being a specialty 
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of his. Of Goniatites, I collected three different species. Some 
seams contain also numerous casts of bivalve shells, most of 
them identical with forms found in the sandstones of Marshall 
and Battle Creek. Carbonaceous vegetable fragments, among 
them Calamites and Lepidodendron, are of common occurrence. 
The lower beds of the sand rock are largely intermingled with shale 
fragments, and the underlying shales being eroded on the surface, 
the sand rock resting on them fills out their furrows. 

In the bluffs on the lake shore, below the solid body of sand rock 
which is designated as the grzudsfone, a series of blue shales, inter- 
laminated with seams of sandstone, is exposed, emerging about 5 
or 6 feet above the water-level. Similar shaly beds are noticed in 
the bed of Willow Creek, under the mill at Huron City. At that 
locality the sand-rock ledges much prevail over the shaly material, 
certain seams of this sand rock being completely filled with the casts . 
of a Rhynchonella, intermingled with a species of Productus and 
a few other shells. The surface of some layers is often covered 
with relief forms resembling Fucoides caudagalli. On the south side 
of Willow Creek, the hill over which the road to Port Hope leads is 
again capped by the grindstones. The hill forms toward the lake 
a steep escarpment about 50 feet high, which continues southward 
about a mile beyond Point of Barques Lighthouse. Twenty feet 
of the top part are solid sandstone ledges, containing irregular 
seams of conglomeratic structure ; the lower portion of the escarp- 
ment, down to the level on which the lighthouse stands, is made 
up by arenaceous shales, alternating with seams of sand rock. The 
shales contain casts of bivalves and other fossils, similar or identi- 
cal with those found in a bed of calcareous sand rock below them, 
the same on which the lighthouse is built. 

This sand-rock ledge, having a thickness of from 2 to 3 feet, is 
even with the water-level a few hundred yards north of the light- 
house; at the lighthouse it has risen about 5 feet, and further 
south it may be seen in the bluffs 8 or 10 feet higher than the 
level of the lake. The shale bluffs above the sand-rock ledge are 
at a distance from shore at the lighthouse and north of it ; a quar- 
ter of a mile south of the lighthouse, however, they come up close 
to the shore line, and cover the ledge from above, while below it, 
as basal part of the same bluffs, shale beds similar to the upper 
ones make an outcrop. These bluffs continue for about half a 
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mile, when they again recede from the shore, which further south 
is a low sand beach. 

The sand rock of Point of Barques Lighthouse is coarse-grained, 
partly conglomeratic, full of nodules and granular crystals of iron 
pyrites. In undecomposed condition, it is rich in calcareous cement, 
and very hard ; its color is partly dark bluish, or, in weathered con- 
dition, ferruginous brown; much weathered portions which have 
lost nearly all their cement are softer and often whitish. The bed 
is quite fossiliferous. The surface of the ledge is rugose by fucoid- 
like ramifications spread over it, and seams of it are often densely 
crowded with casts of a Rhynchonella; of other Brachiopods, a 
species of Orthis, a Productus, a Syringothyris, a Spirifer of a large 
kind, Streptorhynchus, Rhynchospira, Spiriferina, Terebratula, are 
generally plainly recognizable, but are too imperfect for specific de- 
termination or identification with forms of other remote localities. 

In addition to the Brachiopods, several Lamellibranches of 
the genera Cypricardella, Schizodus, Aviculopecten, and of Gastero- 
pods a large Pleurotomaria (Huronensis Winchelli), were found, as 
well asa species of Goniatites, and a large form of an annulated 
Orthoceras. A Proetus, the head of a Cyathocrinus, and stems of 
other Crinoids, together with traces of Bryozoa, complete the 
list of fossils found there by me. 

The order of sequence of the strata composing the section from 
Port Austin to Point of Barques Lighthouse, is differently repre- 
sented in Prof. Winchell’s report of 1861, in which the same locali- . 
ty is described. It will be remembered that I consider the rocks 
of Flat Rock Point, Hat Point, and Point of Barques as identical, 
and occupying the highest position in the series; next below them 
are thin-bedded ledges of sandstone with a fossiliferous seam con- 
taining Centronella Julia and Rhynchonella camerifera. A band of 
conglomerate rock follows, and then we come upon the grind- 
stones, which in their fossils are identical with the sandstones of 
Marshall; to the latter, shales, with seams of sandstone, are sub- 
jacent, and last and lowest in the section is the sand-rock ledge 
of Point of Barques Lighthouse. 

Prof. Winchell commences his section with the calcareous sand- 
rock ledges west of Flat Rock Point, which he correctly identifies 
with the sandstones of Marshall, but places as the highest of the 
exposed strata, and, under a preconceived theoretical opinion on 
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the general dip of the strata, he believes that he descends to lower 
beds, when, moving eastward, he really ascends to the cliffs of 
Flat Rock ; proceeding on to Point of Barques, he still is under the 
impression that he descends to lower horizons. From Point of 
Barques toward the Lighthouse, the section is actually changed 
into a descending one, which is considered by him as a direct down- 
ward continuation of the former. Unfortunately, this section is 
laid across a synclinal undulation of the formation, and begins at — 
one end with the same rock beds (Marshall sandstone) which on 
the other end are found very near the base (grindstone ledges). 
Under the impression that he has all the while descended, he 
stands again on the horizon from which he started. An almost un- 
interrupted section through all the above-described rock beds can 
be seen in Willow Creek, 5 miles above its mouth; the layers be- 
tween the coarse-grained upper sandstone and the grindstone series 
are particularly well denuded there in the bed and banks of the 
Creek. ; 

The sand-rock ledge of Point of Barques Lighthouse, whose fos- 
sils I have enumerated, is designated by Prof. Winchell as the 
dividing stratum between his Huron shales and his Marshall group ; 
the sand-rock bed is pretended to represent the Devonian fauna, - 
the shales above it, the fauna of carboniferous character. He enu- 
merates 19 species of fossils found in the sand rock to prove its 
Devonian character. Six of them are identified with Hamilton 
species, identifications which must be questioned, and 13 species 
are newly described by the Professor, which, as new forms, can have 
no great value in the instituting of comparisons, their generic types 
being as much at home in the Devonian as in the carboniferous 
rocks. The shales above this sand rock contain a majority of all 
the species in common with it. The conformity of rock material 
and stratification in this part of the formation, above and below 
the imaginary division line between the Devonian and carbonifer- 
ous deposits, is so perfect that no one could accept this stratum as 
the terminal deposit of the Devonian ocean, even if the fact were 
ignored that at least 500 feet of rock beds below this horizon 
present the faunal characters of the Cuyahoga shales of Ohio, 
which form the upper division of the Waverly group. 

From Lighthouse Point southward, as far as Forestville, in 
the north part of Sanilac County, rock beds approximately of the 
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same horizon with the grindstones of Huron City are near the sur- 
face along the shore line. The outcrops are insignificant compared 
with the stretch of sand and gravel beach interrupting them, but 
it rarely requires the removal of very deep drift masses in order 
to uncover the rock beds. 

At Port Hope, the grindstones crop out in the lake bed close to 
the docks. More extensive denudations are to be seen one mile 
and a half north of the village, at the shore ; the land behind it rises 
in several terraces formed of coarse boulder drift with metamorphic 
and crystalline blocks and of Niagara and Helderberg or Hamilton 
limestones, besides a large proportion of fragments from the under- 
lying sand rock, some of which are rich in the shells usually found 
in the Marshall and Battle Creek sandstones. The boring of a salt 
well at Port Hope, to a depth of 787 feet, is recorded as follows: 
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Further south, in the creek near Sand Beach, greenish and bluish 
micaceous sand-rock ledges interstratified with shales are exposed 
in seams filled with a species of Chonetes. The same beds, with 
Chonetes and impressions of Goniatites, are well exposed at Rock 
Falls, the ripple-marked surface of the ledges in the latter place 
being covered with Caudagalli fucoids in relief, as well as other 
singularly-shaped prominences of organic origin. 

At White Rock, south of the village, the arenaceous shale beds 
below the horizon of the grindstones ascend in steep bluffs of 25 
feet elevation from the lake bed, for the distance of about a mile. 
Indistinct casts of fossils, amongst which Goniatites is recognizable, 
are found on the surface of the arenaceous flags; this is the | 
last rock exposure on the shore of Lake Huron, which washes 
upon a drift beach for the remainder of the distance down to 
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Port Huron. Mr. Thompson sunk two artesian wells at White 
Rock—one to the depth of 555 feet, the other to 700. In both, 
blue shales, alternating with arenaceous layers containing much 
iron pyrites, extended to the depth of about 450 feet below the 
surface, when a porous gray sand rock was struck, saturated with 
a strong and very pure salt brine. The thickness of the sand 
rock was about 100 feet, and below it blue shales were found again, 
which were penetrated toa depth of 50 feet. Mr. Thompson had 
saved specimens of his deeper drill hole, representing almost every 
interval of 5 feet, which he kindly presented to me, and by which 
I could form a more correct idea of the character of the rock beds 
than could be obtained from any descriptive record. 

Of other deep borings made within the district under considera- 
tion, | may mention the salt well at New River, only two miles 
south of the grindstone quarries, bored to a depth of 1029 feet. 

It begins in the grindstone, which is there 15 feet in thickness, 
underlaid by soft blue shales 30 feet thick; to them follow alter- 
nately shale and sand-rock ledges to the depth of 800 feet. There, 
as the record says, a rotten, bad-smelling, soft rock was penetrated, 
and then 100 feet of a porous, coarse-grained, whitish sand rock 
was found, saturated with brine, below which the boring was con- 
tinued for a few feet into blue shales. Salt brine was already found 
at a depth of go feet below the surface, but it continued to increase 
in strength asa greater depth was reached. In the sand rock at 
the bottom of the well, it has a strength of 85 salinometer degrees. 

At Port Austin, one of the oldest salt wells was bored to a> 
depth of 1200 feet, but the boring record has been lost. Lately, 
Mr. Skene made a new boring to the depth of 1225 feet in a 
locality one mile west of the village and about 200 yards from the 
shore line of the bay. The boring, after the penetration of a few feet 
of drift, begins in the conglomerate band of the grindstone series, 
following which are greenish-blue micaceous, fine-grained sand-rock 
ledges. Another conglomerate bed is found 125 feet below the sur- 
face, and from that a strong current of sweet water rises to the sur- 
face. From there to 163 feet are arenaceous shales; at 204 feet isa 
gray sandstone, and the first signs of brine were observed at from 
204 to 315 feet, shales with arenaceous seams occur at 317 feet, anda 
conglomeratic sand rock 20 feet thick. There wasa strong discharge 
of sweet water from the bore hole, from 336 to 1100 feet (764 feet), 
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all of which was through bluish shale, with only a few intermediate 
strata of sandstone. At 1120 feet are bright-red and chocolate- 
colored shales 40 feet thick, while from there to 1225 feet is white 
sand rock saturated with brine; underneath lie shales again. 

Inland from the shore line, whose geological structure has been 
described in previous pages, we find the greatest part of the 
surface of Huron County covered by deep drift deposits. The 
upper coarse-grained sand rock comes to the surface in Bingham 
township, near the head-waters of Cass River. Similar outcrops are 
found in the northwestern towns of Sanilac County, in Greenleaf 
and Argyle, and in Tuskola County, in the towns of Elkland and 
Novesta, where the bed of Cass River is formed by the upper 
coarse-grained sand rock inclosing vegetable ‘remains, Lepidoden- 
dron. Further up the river, at Indian Rapids, in Town. 13, R. 12, 
Sect. 7, some lower beds of finer-grained sand rock interlaminated 
with shale form vertical bluffs about 20 feet high on both sides 
of the river. One of the interlaminated seams is soft, almost en- 
tirely composed of mica scales and carbonaceous vegetable sub- 
stance. The sand rock is mostly thin-bedded, and without fossils 
as far as observed. 

On the north side of Saginaw Bay an outcrop of the upper sand- 
stones of the Waverly group forms the bed of Rifle River for the 
distance of amile. The locality is in Town. 21, R. 3, Sect. 16. The 
rock is coarse-grained, whitish or greenish, with ferruginous spots, 
moderately soft and irregularly stratified in discordant bedding. 
Its thickness can not well be estimated, but 30 or 4o feet of the 
strata are distinctly seen successively rising to the surface. No 
fossils were observed in it. The hills on both sides of the river are 
all composed of drift. The strata dip southward, and a few miles 
lower down calcareous beds of the next higher formation, having 
the same southern dip, form rapids in the river, but the imme- 
diate contact between the Waverly rock and these limestones is 
not seen. 

In this upper portion of the peninsula, no other natural out- 
crops of the Waverly group are known to me, but the formation 
has been found in several deep borings made for salt ; two made 
in Tawas City and one lately at Sable City. Of the latter boring 
I have no details, being only informed of their success in finding a 
good supply of brine. Of one of the borings at Tawas, in the 
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establishment of Grant and Sons, I copied an accurate record from 


the books of the firm, which reads as follows: 


“| drift 


SSuING I ce 0c ( aptogo RoR Ao RO, SO eae one 30 ft 
Clare rayic MO ni perecloP oe aenade eestor lok mms melee = 20%. 
Samcl stones: wititisia 2). {42.5 Shots sical = ape esas aco oe 60 “ 
SAM G SEOMeN CE tae atts lee care owe PBI} oleae ds iS, 
SA MGlSeomeyeOleyasrs sie cysts cks te soa eee erway rh Spies 
Se Samadstome: reds 5: ie. ia. vere eh uae ae ee ee AO! 
Mohalewhomt-colored:s.\52 2a eis Sass tis etc UO} ae 
Shale; arenaceousimed's 2). jist rereteas ee 20S 
Stiles ltent-colonedaity anon as en eee es ie Bees 
Shales anenaceous wedies 2 aaa ene ate. to 838 “ 
SIMBIOS Sa eseee each air Ane Aina: p Era uc eer aeee 2A Dak 
Saal Shomer ned. 2 elites fino. vps.de Risse he whale ean ote Aors 
Shalevharcd light-colored 4 “iiss fe eee, 60: “ 
Sana sromesmhed + sears tame hk okic ha wise cess cite wei 
Siialewuniites tore aie A SN ek ee Re Toe 
Samestomes sve a nae ye ti ea ete ee. oe Bes 
Slialethand> lbeht-cologed:. C4 NI yt eines" Ao" 
SAIMGIS ROMs MECC ty ae spot ts foci tac Ae mies OMIA Aare a 
Slaailevivy nuhery. SSRs See a SL re tartar ae Bis 
Shale, arenaceous, sliahtzcolored.as 4: 7 4 oes 
First indications of brine. 

Sthallles wants hicty cheng aS eerste eta t int i 164 “ 
Samer SEOiue wou): terens AGG ein ele. clei oy SNOB) oo 
Abundant supply of strong brine. 

Slraleilbienie. sear e ae citys ant cam at Hof 

Bote ieeytyes. feces. c tele d «aN gos ft 


A few years later, another company bored a well at Tawas with 
the same success, but I did not find out the particulars of the 


boring. 


In the south part of the State, natural exposures of the Waverly 
group are found in the counties of Jackson, Hillsdale, Branch, and 
Calhoun. In the west part an outcrop is known at Brown’s Station, 
in Lake township, Berrien County, and other exposures are near 
Holland, in the south part of Ottawa County. At Napoleon vil- 
lage, in Jackson County, sandstones of the Waverly group have 
been quarried as a building-stone since the first settlement of the 
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State. The quarries are about half a mile south of the village, 
with the rock beds close under the surface, on the summit level of 
a slight undulation. 

The sandstone is of middling coarse grain, greenish-yellow, inter- 
mingled intimately with kaolin-like granules, by which the firmness 
of the rock is impaired. For ordinary uses, however, it is durable 
enough, and selected blocks are used for ornamentally-cut door 
and window sills, etc. The beds are not very thick, often irregular 
through discordant stratification, and alternation with shaly seams. 
The thickness of all the rock beds uncovered in the quarries may 
be 50 feet. Fossils have never been found. 

Southwest of Napoleon, at Stony Point,.a station on the Jackson 
and Hillsdale Railroad, sandstones entirely similar to the Napo- 
leon rock are quarried. The quarries were first opened in an up- 
tilted mass of sand-rock ledges in vertical position, in all probability 
an effect caused by forces of the drift period, by an underwashing 
of the strata, and consequent disruption from the main body of the 
deposits, which were found behind the loose portion in regular hori- 
zontal position. The bottom of the valley on the side of which 
the quarries and rock escarpments are, presents no rock ledges; 
it is deeply eroded, and the erosion is filled up with drift material. 
In the quarries, about 35 or 4o feet of strata are exposed ; the 
highest beds are thin-bedded, soft flagstones of discordant stratifica- 
tion, the lower strata being in beds of from 1 to 4 feet in thickness. 
The vertical clefts dividing the beds are rather irregular, oblique, 
or curved, which causes considerable waste in shaping the blocks. 
The rock is moderately coarse-grained, light, drab-colored, and 
sufficiently compact to make a valuable building-stone. Fossils 
are generally rare, but abound locally in certain seams; the 
species are all identical with the forms found in the sandstones 
of Marshall and Battle Creek. I collected in the quarry: Nucula 
Hubbardi, Nucula stella, Solen quadrangularis, Solen scalpriformis, 
Sanguinolaria similis, Myalina Michiganensis, Allorisma, Bellero- 
phon galericulatus, Chonetes Illinoisensis, Orthoceras, Goniatites, 
and others. The same rock beds are laid open in many localities in 
the vicinity of Jonesville, of Hillsdale, Osseo, and Moscow, but 
the quality of the rock is not always so well adapted for use asa 
building-stone, its general character and the fossils inclosed prov- 
ing, however, the identity of all the outcrops. Every locality has 
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certain species of fossils for itself or more abundant than in others, 
nearly all as casts, but sometimes with the shell, with all its delicate 
surface decorations, most perfectly preserved. Other exposures 
of the Waverly sandstone are near Homer, and near Condit 
Station, south of Albion. At the latter place a quarry is opened 
in a sand rock exactly similar to the Napoleon sandstone, and like 
it perfectly destitute of fossils. The beds of the quarry amount to 
about 20 feet ; below them are a bluish-colored micaceous sandstone 
alternating with shale beds, and from this seam issue copious springs. 
Besides that afforded by the superficial outcrops of the district, 
something is added to our knowledge of its geological structure by 
deep artesian borings. In the Court-house square of Hillsdale two 
artesian wells have been drilled, one to the depth of 1350 feet, 
and another to that of 1550. No register of the borings was kept ; 
however, from some attentive citizens, who watched the progress 
of the boring, I have received the following general statements, 
drawn from memory: Under a cover of several feet of drift, a 
soft, thinly laminated, micaceous, bluish sand rock, 20 feet in 
thickness, was first penetrated ; under it, to a depth of 1120 feet, 
the principal rock found was shale of bluish color, interlaminated 
with arenaceous seams, and sometimes with harder ledges, be- 
lieved to be of calcareous nature; the color of the shales became 
dark bituminous in the lower portion of the section. Next to the 
shale a hard, red-colored rock containing much iron pyrites was 
found, and the water was strongly saline. In the deeper of 
the two borings, below the hard red rock, a white limestone 50 
feet in thickness was penetrated, and below it a softer, likewise 
calcareous rock continued downward as far as the drilling went. 
The lime rock in the bottom part of the drill hole very probably 
represents the Helderberg limestone, which, according to the 
record, is in that locality about 1400 feet below the surface. The 
dark bituminous shales above, equivalent to the black shales, can 
not be distinguished from the incumbent shales of the Waverly 
group, but we can see the considerable aggregate thickness of 
these formations. 

In the city of Albion, several borings were made to adepth of 300 
or 400 feet. Nearthe flour mill at Albion, a flowing well of slightly 
mineral, palatable drinking-water was opened by boring to a depth of 
281 feet, all through solid sand rock, with the exception of I0 feet of 
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drift on the surface. Below the sand rock the boring was continued 
for 100 feet through blue shales, without reaching their limit. At 
Marengo, 6 miles west of Albion, a boring went through 60 feet 
of drift before striking the sand rock, which was found 200 feet 
thick. Below it shales were penetrated through a thickness of 200 
TEet. 

From Albion westward the valley of Kalamazoo River offers 
frequent exposures of the upper sandstones of the Waverly group, 
as far as Battle Creek, and for some distance further. The sand- 
stones of Marshall and Battle Creek have become famous through 
the abundance of their fossils. Prof. Winchell has described a 
large number of species from these localities, some of which are in 
good preservation and easily recognized; but a great proportion 
of those described, the originals of which are deposited in the 
University Museum of Michigan, are mere fragments offering 
so few species characteristic, that it would have been better to 
omit all description until additions to the collected material should 
justify it. The most common forms of fossils in this rock are casts 
of bivalves, their shells being rarely preserved. I enumerate 
Nucula Hubbardi, Nucula stella, Nucula Iowensis, Nucula bellastria, 
Myalina Michiganensis, Solen quadrangularis, Solen scalpriformis, 
Sanguinolaria similis, Edmondia equimaryinalis; likewise various 
forms of Orthonota, Cyrtodonta, Allorisma, Avicula,and Aviculo- 
pecten. Several forms of Productus, Spirifer, Spiriferina, Rhyn- 
chonella, Bellerophon galericulatus, Bellerophon rugosiusculus, 
Goniatites Allei, Goniatites Marshallensis, Nautilus of various kinds 
(Trematodiscus), also different forms of Orthoceras, fish remains of 
the shark tribe, and vegetable remains (Lepidodendron), as well as 
traces of corals and Bryozoa, are observed. Formerly a number of 
quarries were worked at Marshall along the bed of Kalamazoo. 
River, which are now abandoned. The superficial rock ledges are 
a micaceous soft sand rock of yellowish-brown color, splintered into 
thin, uneven slabs by exposure; the deeper, more protected rock 
beds are harder, of bluish color, and rich in calcareous cement. 
Interlaminated with them are seams of a blue arenaceous shale. 
The harder rock answers a good purpose asa building material. 
The fossils are confined to certain seams, or at least rarely are found 
in other parts of the rock. Within the city of Marshall, a great 
number of artesian wells have been opened by boring through the 
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sand rock to a depth of from 60 to 100 feet, a copious stream of 
sweet water, rising several feet above the surface, being found in 
all the borings without exception. 

The west part of the city of Battle Creek is built on rock ledges 
of the Waverly group. The upper strata, opened by digging out 
cellars, and seen on the slope of the banks of the river, are a 
middling, coarse-grained, yellowish sand rock, resembling the sand 
rock of Napoleon or Condit Station. Some beds are of moderate 
thickness, and are used for foundation walls; others are thinly lami- 
nated, of discordant stratification, and worthless. Some vegetable. 
stems and concretions of iron pyrites are inclosed within them. 
Their total thickness is about 30 or 40 feet. 

Below these strata, in the bed of Kalamazoo River, and emerg- 
ing a few feet above it, are micaceous sand-rock ledges, thinly 
laminated, alternating with harder calcareous sand-rock ledges 
crowded with fossils of the same kinds as enumerated from the 
sandstones of Marshall, with additional forms peculiar to the 
locality. The higher elevations surrounding Battle Creek are all 
composed of heavy drift accumulations, partly well stratified sand 
and gravel beds, partly coarse, non-stratified boulder drift in a 
position above the stratified deposits. In the northeast part of 
the city the rock beds are covered by 70 feet of drift. An artesian 
well bored in that part of the city went below the drift stratum 
through 43 feet of sand rock, when the drill struck a cavity, sinking 
at once 3 feet, and a copious stream of water rose in the bore-hole 
to within 16 feet of the surface. The boring was continued through 
326 feet of blue shales, until at 440 feet it was given up. 

Twelve miles north of New Buffalo at Brown’s Station, on the 
Lake Michigan shore road, and about 13 mile east from the shore 
line, a brownish or violet-colored sand rock is found under -a 
drift cover only a few feet in thickness. By exploring ditches, 
about 4 or 5 feet of the rock ledges have been laid open, which con- 
tain some of the most characteristic forms of the sand rock at 
Marshall: Nucula Hubbardi, Allorisma, etc.; but this is all that I 
could observe—the flat, level shore belt presenting no larger denu- 
dation or deeper sections into the rock. Hard, thin-bedded flag- 
stones resembling the rock at Brown’ s Station are frequently 
thrown out by the lake, all along the beach from Michigan City 
northward ; similar flagstones are also largely intermingled with 
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the lower unstratified clayey boulder drift of this vicinity, which 
induces me to believe that this rock series underlies the whole 
southwestern corner of the State; but the drift is generally too 
deep to allow of denudation of the rock beds by natural erosions, 
or by the ordinary excavations in well-digging, etc. 

The next known outcrop of the Waverly group on the west 
shore is on Black River, near Holland, in Ottawa County, and 
some miles further north, near Grand River, it is seen for the last 
time. The outcrops at Holland are about 4 miles north of the 
village, in the flats bordering Black River. They comprise only a 
limited vertical series of beds, some of which are thinly lami- 
nated, while others are in thick, regular ledges, which are quar- 
ried for building uses. Their lithological character is nearly 
the same as that of the grindstones in the quarries on the 
Lake Huron shore, a greenish, middling, fine-grained, micaceous 
sand rock. In seams, a great number of the usual fossils of the 
Marshal sandstone are found; other parts of the rock are almost 
destitute of them. I found in the quarry, Nucula Hubbardi, 
Nucula stella, Nucula Iowensis, Solen quadrangularis, Solen scalpri- 
formis, and other bivalves; also Bellerophon, Nautilus, Ortho- 
ceras, Goniatites, etc. North of Ottawa County, nearly all the 
land west of the Grand Rapids and Indiana Railroad line is sup- 
posed to be underlaid by the Waverly group as far as the head of 
‘Big Traverse Bay, but no sign of a rock ledge comes to the sur- 
face on this whole space until we come upon the green shales 
‘south of Antrim Village. 

At Muskegon, several deep borings have been made—-one a num- 
ber of years ago by Mr. Whitney, to the depth of 1230 feet; 
another, the deepest ever made in Michigan, reaches a depth of 
2627 feet. Of the first boring a register was kept to a depth of 
657 feet. The boring commenced in drift deposits, which were 
penetrated 223 feet before the first ledges of solid rock were 
struck. The following shows the descending order of the beds: 
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At a depth of 330 feet below the surface, and also at 643 feet, 
copious water streams were found, which rise to the surface, mak- 
ing an overflow of mineral water of quite an agreeable, refreshing 
taste. In the lower part of the boring salt brine was found, which, 
however, does not rise and mingle with the upper streams. 

Of the deep boring, an accurate record of which would have been 
of great scientific interest, I could only get the general results, 
given from memory, by one of the superintendents of the work. 
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Dark, loose, porous lime rock, 82 feet thick, forms the bottom part 
of the bore-hole. It is to be regretted that no special pains were 
taken to preserve a regular set of specimens from each pumping. 
Few of them were kept in the office, mostly of shaly or arenaceous 
character, but of the horizons of the lime rock and gypsum beds, 
which I was very desirous to see, I could find nothing preserved. 
It is probable that the lower 800 or 900 feet of the boring pen- 
etrates the Hamilton and Helderberg groups, and that the salt brine 
found in the lower end of the well belongs to the Onondaga series, 
like the salt wells of Alpena, and of Goderich in Canada. 

In previous pages, I have led the reader over the different 
outcrops of the upper division of the Waverly group, as developed 
in Michigan, and, occasionally, I gave an account of deep borings 
made in places vicinal to the outcrops. This upper division, prin- 
cipally composed of sand rock with intermediate subordinate 
seams of shale, has, as far as known by means of the deep borings 
in different parts of the State, a thickness of from 250 to 350 feet. 
The higher portion of the deposits is a porous, middling, coarse- 
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grained sand rock, with little calcareous cement, and rarely fossilifer- 
ous. Prof. Winchell named these strata Napoleon group, to distin- 
guish them from the lower, often very fossiliferous beds, com- 
posed of more fine-grained micaceous sand rock, with seams of 
harder ledges rich in calcareous cement, which lower division he 
names Marshall group. He asserts the two divisions to be always 
separated by a seam of shale several feet in thickness, but such a 
regularity in the disposition of the rock beds of this horizon does 
not exist; shale beds are found everywhere in alternation with 
the sand-rock ledges, and in the different’ exposures of limited 
vertical extent, it is almost impossible to tell which of the special 
sand-rock ledges or shale beds we have under observation. 
Neither is the presence or absence of fossils in the rock beds a 
feature to be relied upon. A large portion of the lower beds, con- 
sidered to represent the Marshall group, contains no fossils, yet 
the absence of fossils at Napoleon is no proof that those particular 
strata do not contain any. The rock of the quarries at Stony 
Point is so absolutely similar to the Napoleon sandstone, and is 
generally so barren of fossils, that nobody would doubt its identity 
with the other. It is only lately, by the more extensive opening 
of the quarry, that fossiliferous seams were discovered, which were 
before not known to exist. . 

It has been stated that Prof. Winchell considers the sandstones 
of Marshall as the lower terminus of the carboniferous rock series, 
typically distinct by its fossils from the next subjacent shaly beds 
which he connects with the Devonian rocks by the character of 
their fauna. Such a difference in the fauna is not perceptible ; the 
fossils of the Marshall sandstones and the subjacent shales are not 
only generically in full harmony, but a great number of species 
are common to both. This lower shale formation is the surface 
rock in the south part of Hillsdale County and Branch County ; 
the transition from the upper sandy division to the lower is not 
defined, as should be expected in rock beds with two distinct 
faunas; the beds are in fullest conformity of deposition, and the 
material composing them does not change. In the upper we have 
a sand rock with subordinate beds of shale; in the lower we have 
the same sort of shales alternating with subordinate beds of the 
sand rock. The outcrops of the shale formation in the counties 
mentioned are never of great vertical extent, and their hori- 
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zontal extension is much interrupted by incumbent drift deposits. 
An artificial section through this shale formation is recorded by 
Dr. Bennett, of Coldwater, and specimens from all the pumpings 
during the progress of the boring were carefully saved by him 
and kindly handed over to me. The locality of the boring is a few 
miles west of Coldwater, near Branch Station. The following de- 
tails of the boring can be given: 
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Similar shales, alternating occasionally with a seam of sand- 
stone or limestone, continue to a total depth of 447 feet below 
the surface. 

Only half a mile east from this drill-hole, on a higher level, in a 
brick-yard, shale beds of a seemingly higher position than those 
penetrated in the drill-hole are well denuded. The exposure com- 
prises about 25 feet of strata, principally a soft blue shale with 
interstratified seams of arenaceous, thin-bedded flagstones, and 
full of lenticular iron-ore geodes of concentric structure, contain- 
ing sometimes a loose, shaking nucleus. The superficial crust of 
the geodes is generally transformed into hydrated sesquioxide 
of iron; the internal portions are gray, compact, amorphous 
protocarbonate of iron. The shale beds, otherwise horizontal, 
are considerably flexured in serpentine lines, which disturbance 
in all probability was caused during the drift period by pressure 
of the advancing glacier masses on those beds which they encoun- 
tered. The base of the hill capped with this shale is all en- 
veloped by a mantle of drift deposits. No fossils were found in 
this locality. 

Similar shales are uncovered in another. brick-yard on the north 
side of the city of Coldwater; they-are likewise crowded with 
iron geodes, some of which are fossiliferous, inclosing Chonetes 
Illinoisensis, etc. Below the shales, argillaceo-micaceous sand- 
stones come to the surface, which contain iron geodes similar to 
those of the shales. All the hillsides north of Coldwater River 
valley, for several miles eastward from Coldwater, are composed of 
this shale formation covered by a more or less thick coating of 
drift material, but in other parts of the State, brick-yards generally 
use the drift clay.. In the vicinity of Coldwater, all the clay used for 
brick-making is derived from the shale beds of the Waverly group, 
which are ploughed up and left to the influence of the weather for 
about a year, by which time the shale has decomposed into a soft, 
plastic clay. In the brick-yard of Mr. Merritt, 2 miles south of Union 
City, Town. 5, R. 7, west, Sect. 16, the surface beds are sandy shales 
with seams of calcareo-ferruginous rock, containing many small cylin- 
draceous nodules composed of compact carbonate of iron, besides 
a number of partially very finely preserved fossils. Below these 
beds are yellowish gray soft shales, used for brick-making, which 
also contain numerous kidney-ore concretions of lenticular form. 
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The ore nodules were formerly collected and melted in a blast 
furnace at Union City, which is now given up. Half a mile north 
from the brick-yard on Mr. Randall’s farm, the shale beds are 
seen in outcrops along the banks and in the bed of Coldwater 
Creek, amounting in the exposures to about 30 or 40 feet. The 
lowest strata seen in the bed of the river are dark blue hard 
shales, with gray carbonate of iron geodes and concretions of iron 
pyrites; above them some arenaceous seams pervade the shale 
beds, following which are the beds seen in the brick-yard. The 
fossiliferous, calcareo-ferruginous bed, and to some extent also the 
kidney-ore geodes, contain the following species of fossils : Chone- 
tes Illinoisensis, Strophomena rhomboidalis, Terebratula eudora(?) 
several Spirifers not accurately determined, Spirigera lamellosa, 
Lingula, various species of Nucula, Myalina, Platyceras, Loxo- 
nema, Pleurotomaria, Bellerophon cyrtolites, Bellerophon galericu- 
latus, Goniatites Oweni, Nautilus, Proetus, some Bryozoa, and 
others, not yet properly determined. 

South of Coldwater, in the town of Algansee, on Pencil Creek, in 
the ravines of drift-covered hills, the shale formation, with its in- 
termediate seams of sandstone and of kidney-ore geodes, can he 
seen nicely exposed. Some of the iron geodes are fossiliferous. 
In the town of Reading, the shale formation is everywhere found 
under a thin coating of drift when digging wells, etc.; natural out- 
crops in the ravines and beds of creeks are also often encountered. 
The shale is sometimes considerably arenaceous and pervaded by 
regular sandstone ledges. These latter often contain fossils, but 
the best preserved are always found in the calcareous or ferrugi- 
nous seamsor in the geodes. Besides the other forms mentioned 
previously as found near Union City, I found in an outcrop in 
Reading a large Nautilus digonus. 

The drift deposits of this region contain in places large quan- 
tities of fragments of the Marshall sandstone, inclosing an abun- 
dance of fine fossils; one of these localities is near Round Lake, 
in Sect. 32, of Allen township, where, by the excavation of a 
road bed, masses of this sand rock were thrown out. To the west 
and southwest of Coldwater, the shale formation is very soon lost 
under the drift cover spread over the entire southwest part of the 
State. The drift of all the western counties, as St. Joseph, Kala- 
mazoo, Van Buren, and Allegan counties, is mixed with large 
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quantities of kidney-ore nodules from the shale formation, which 
are crowded with finely preserved fossils, identical with those 
found in the exposures of Branch County. To enable a compari- 
son with the fossils of other strata, I will enumerate the forms 
collected from these nodules in the drift. The larger portion 
of them are not specifically determined, because a great many of 
them are undescribed forms, while in some cases I have used 
specific names with the intention of indicating a similarity rather 
than a full identity. 

Of corals a species of Zaphrentis and a Pyrgia are noticed. 
Of Crinoids, heads of Platycrinus and numerous stems of other 
forms occur. Bryozoa, as Fenestella, Polypora, Stictopora, and 
Trematopora entirely compose certain ferruginous rock frag- 
ments. Brachiopods are represented richly by Lingula, Discina, 
Productus semireticulatus, Productus punctatus and two other small 
species of Productus, Streptorhynchus crenistria, Spiriferina spi- 
nosa, Spirifer setigerus, Spirifer Carteri, Syringothyris, Spirigera 
lamellosa, Terebratula Eudora, Meristella, Chonetes Illinoisensis, 
entirely composing large boulders; Rhynchonella, two species, 
Strophomena rhomboidalis, and Orthis; of Lamellibranches, five 
species of Nuculoid shells, Myalina, Modiola, Cyrtodonta, Ortho- 
nota, Cypricardinia, Conocardium, Lucina, Allorisma, Schizodus, 
and several forms of Aviculopecten. Of Gasteropods, I distin- 
guish four species of Platyceras, a Pleurotomaria, Loxonema, Mur- 
chisonia, Bellerophon galericulatus, Bellerophon cyrtolites, and a 
Tentaculites; of Cephalopods, Trematodiscus digonus, various 
forms of Orthoceras and Nautilus, Goniatites Oweni, Goniatites 
Allei, fragments of Proetus or Phillipsia, numerous specimens of 
Cypridina, and Fish remains. 

A large proportion of these species I can recognize among the 
collections I made from similar iron geodes from localities in 
Ohio, at Sciotoville, and in the strata of Bagdad, and other ex- 
posures of the Cuyahoga shales, which latter, in lithological char- 
acters, also bear considerable resemblance to our Michigan shale 
formation. Prof. Winchell, who made a special study of these 
Ohio fossils, correctly recognizes the Cuyahoga shales as equivalent 
or analogous with the Marshall sandstones. J can not conceive, there- 
fore, how he could overlook the similarity of the fauna of the shale 
beds of Michigan to those, except on the assumption that he never 
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paid any attention to the collection of fossils from the shales ; but 
if so, he had no grounds upon which to attempt a demonstration 
of their Devonian age. The surface configuration of Ohio is 
very favorable for the study of the Waverly group; it forms a 
chain of hills extending from the north end to the south end of the 
State, which are deeply intersected by valleys of erosion, presenting 
on their slopes sections through the whole series in direct, uninter- 
rupted superposition, and laid open sometimes for miles in extent. 
Such advantages we do not enjoy in Michigan. The Waverly 
series was evidently at an earlier period likewise intersected by 
deep erosions, but during the drift period these valleys became 
completely filled up again with the rubbish of the drift. Subse- 
quent erosions denuded some rock beds superficially, in limited 
spots, but no deep cuts through them are laid open; our 
deepest natural sections do not comprise in any one place more 
than 50 feet of strata, and of a portion of the lower beds of the 
Waverly series, which is nearly a thousand feet in thickness, we 
have little more information than what we get from artesian 
borings by means of the material pumped up in pulverized con- 
dition, a very imperfect mode of studying a formation, the value 
of which is even lessened by the negligence with which the 
r ecords of such borings are generally kept. The lower division of 
the Waverly group is not ashale formation throughout ; it incloses 
in several horizons thick masses of porous sandstones, which are of 
the highest economical value for us, as the repositories of a 
concentrated salt brine. The brine, however, does not seem to be 
confined to this lower horizon, but pervades the whole rock 
series, in which the sand’rock acts as a sponge, absorbing into its 
pores the saline liquid and retaining it, if the conditions for its re- 
tention are otherwise favorable. 

In search of this brine, boring experiments have been made in 
all parts of the State, while in other deep borings, made fora 
different purpose, brine has been found accidentally. It has been 
ascertained by these borings that salt brine is not confined to cer- 
tain localities or to a certain limited geological horizon, but can 
be found in all parts of the peninsula which are underlaid by 
the Waverly group, and at the same spot in higher and lower 
horizons. om 

Incidentally, I have recorded several deep borings, while giving 
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a description of the general structure of the Waverly group. A 
number of others, particularly those made in districts where no 
superficial outcrops of rock ledges are known, are of interest, 
and may be mentioned here. 

Adrill-hole to the depth of 770 feet was made in the Court-house 
square of Ann Arbor, whose progress I carefully watched, so that 
{ can vouch for the correctness of the record: 


Drift above coarse boulder drift, below stiff clay 
beds mixed with pebbles and a few large 
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Commenting upon this section, a parallel could be drawn be- 
tween the upper 178 feet of shale and the Cuyahoga shales of 
Ohio ; the lower black portion, 28 feet in thickness, would corre- 
spond very well with the black shales on top of the Berca grit. 
The sand rock with salt brine, 92 feet, I compare to the Berca grit 
stones. 

The next 275 feet of shales and arenaceous layers have to be 
taken as the equivalents of the Bedford-Cleveland-Erie shales, and 
black shales of Ohio, and the lowest 70 feet of lime rock as repre- 
senting the Helderberg series. In the heretofore described boring 
at Hillsdale, the brine was found at a depth of 1100 feet below the 
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sutface, and no large sand-rock deposit was met with in the whole 
interval. 

In the boring at Coldwater, brine was struck at 282 feet below 
the surface. At Constantine, in St. Joseph County, a drill-hole 
was sunk to a depth of 680 feet below the surface, the boring re- 
cord of which reads: 
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From the upper series of the strata a stream of mineral water 
rises to the surface, which is used for medicinal purposes, a bathing 
institution having been established at the spot. 

At Niles, a boring was made to the depth of 600 feet, but no 
accurate record was kept. Mr. Finley, a gentleman who was con- 
nected with the enterprise, gave me from memory the following 
data: 
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Evolution of much hydro-carburetted gas. 


Of several other deep borings made in the southwest part of 
the peninsula, I could not learn the particulars. The boring made 
in the State Prison at Michigan City has already been mentioned. 

Borings in the western central portion of the peninsula, at Grand 
Rapids and vicinity, described in Prof. Winchell’s report of 1861, 
need no repetition here. In all of them the Waverly group is 
found to be the repository of the brine. The borings never were 
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carried deep enough, under the preconceived false impression that 
the salt brine had its site in the higher gypsiferous rock series, in 
the Michigan salt group of Winchell. 

In the borings at Muskegon, salt brine was found at a depth of 
1250 feet from surface, which would appear to come from the 
Waverly group; the salt brine found at the depth of 2400 feet in 
all probability is within the rock series of the Onondaga group. 

There remain yet to be given some accounts of borings executed 
in the salt-producing districts of Saginaw valley. The salt wells 
of Caseville have avery great depth; one of them is 1735 feet 
below the surface, but, unfortunately, no record of the boring 
was kept. Jam informed, however, by persons who were pres- 
ent when the boring was made, and who gave attention to the 
matter, that the upper 900 feet went principally through a blue 
shale, sometimes through red shales, with no important seam o 
harder rock in the whole interval. At goo feet, a large body of a 
whitish sand rock was struck which contained strong brine ; another 
supply of brine was found near the bottom of the well, likewise in a 
sand rock. No limestone formation, or any other rock series in- 
dicating a lower horizon than the Waverly group, was met with in 
the boring, which commenced in the top part of the above-named 
series, immediately below the incumbent gypsum formation. 

One of the first borings made in Saginaw valley, and at the same 
time the most accurately recorded, is the well of the East Saginaw 
Salt Mining Company. Dr. Lathrop, who kept the records, commu- 
nicates to me the following details of it : 
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Salinometer, 94 degrees. 


Shales generally of bright red color... 31.2)... 64...“ 


These latter extended as far as the drilling was carried, which 
was to a depth of over 800 feet. 

Since the time of ‘this first boring, many more than a hun- 
dred other salt wells have been sunk in Saginaw valley, in all of 
which about the same general order of superposition of rock beds is 
observed. The coal measures and the subcarboniferous limestone 
formation are in all of them superimposed on the salt-bearing sand- 
rock beds of the Waverly group. A weak brine is found even 
within the coal measures, but the valuable brines are always found 
lower, within the Waverly group, at a distance of from 600 to 
1000 feet below the surface. Beneath the sand rock saturated 
with the strongest brine there are found in nearly all the wells red- 
colored shales, which are for the practical salt man a sure guide 
in his boring that he has reached or nearly passed the salt-pro- 
ducing level. North of Saginaw River, the same results are ob- 
tained by deep borings. At Kawkalin, two salt wells have been 
sunk, one to a depth of 810 feet, the other to 1133 feet. The 
drift is there about 100 feet thick, then follow about 300 feet 
of shale and sand rock, with seams’ of coal, then 100 feet of lime- 
stones and gypsiferous shales. About 700 feet below the surface, 
a sand rock from go to 100 feet in thickness is found, which is sat- 
urated with a strong brine. In the deeper well, below the sand 
rock, is a series of red shales. 

Southeast of Saginaw, 6 miles from Bridgeport, a very deep bor- 
ing has been made lately by Mr. Blackmar. The boring pene- 
trated 
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Further south, at Flint, a boring of 1200 feet was made a num- 
ber of years ago, concerning which Dr. Clark gives me the follow- 
ing general information : 
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From the depth of 260 feet a strong stream of sweet water rose 
to the surface. From there to a depth of 1200 feet, alternations of 
shale and sandstone occurred, and in the lower portion of the drill- 
hole a strong salt brine was found. 

At Flint, several other deep borings were made through the coal 
measures into the Waverly group, but in none of them could the 
existence in that locality of the subcarboniferous limestone series 
be ascertained. A boring made in Section 5 of the town of Owos- 
so, in Shiawassee County, is reported to me by Mr. Courier, of 
that place, as follows : 
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after which were blue and ‘red shales to the depth of 1000 feet 
below the surface. 
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I have now given a description of the observations which I was 
enabled to make on the surface distribution and structure of the 
Waverly group, from an examination of the different natural out- 
crops, and from the results communicated to me of different deep 
borings made in all parts of the State, and will proceed to 
briefly recapitulate the principal facts derived from such investiga- 
tion, 

The Waverly group seems to be spread in a basin-like sheet over 
all the peninsula, with exception of the country north of the river sys- 
tems of Au Sable River, on the east side, and of Manistee River, on 
the west side, besides a triangular area in the southeast corner of the 
State, which is occupied by the Helderberg group and by the 
black shales, as may be seen by a glance at the geological map 
connected with this report. This basin-shaped rock series is, in 
the centre of the peninsula, overlaid by the coal measures and by 
the subcarboniferous limestone, but is everywhere there within 
the reach of deep borings. 

The essential constituents of the formation are sand rock and 
shales, with subordinate admixture of calcareous or ferruginous 
layers or nodular concretions. It is a shore deposit. All shore 
deposits are composed of coarse materials, carried there from 
the neighboring continental surfaces; their nature depends upon 
the nature of the surface material of those continents, and the de- 
position of the sediments under the changeable wave action on an 
ocean shore is necessarily more irregular than that which takes 
place in the deep water remote from the shore. 

The stratification often becomes discordant, and frequent 
changes in the material are induced by local influences; while in 
one place a shale bed forms, in another near by a sand-rock 
ledge may be accumulated. This fact is noticed in every shore 
deposit, recent or old. A comparison of the strata in differ- 
ent outcrops of the Waverly group will for these reasons rarely 
allow of an identification of certain beds, and often not even of 
their exact horizon in the series. Still greater must be the dis- 
crepancy in the results of boring experiments, where direct obser- 
vation of the rock beds is excluded, and we have to depend on the 
examination of comminuted fragments ; and what makes the case 
worse yet, is that these fragments can rarely be examined by the 
scientific observer himself—he has to depend on the statements 
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made to him by well-borers, who have rarely much knowledge of 
lithology, while each calls the rocks by his own names, which 
are not always easily understood. 

By the fossils contained in the rock beds we can sometimes ascer- 
tain their horizon, but the fossils are so unequally distributed that 
we may, in a seam which in one place contains tens of thousands, 
fail to find a single one in another not far removed; and where 
- outcrops are generally of so very limited extent, we often have 
the bad luck to hit upon just such a barren portion, leaving us 
without a key by which to ascertain the exact position of one 
bed in relation to others. 

The thickness of the Waverly group in Michigan is considera- 
ble, probably never less than 1000 feet, and in some places more 
than that. Its thickness seems to be greater in the northern and 
central parts of the peninsula than in its southern part.. The upper 
division, prevalently a sand rock, with only subordinate layers of 
shale, and seams of harder sand rock cemented by much calca- 
reous matter, has an approximate thickness of from 300 to 350 
feet. Fossils are more abundant in the lower beds than in the 
upper, and are locally distributed. The great preponderance of. 
Lamellibranches is remarkable, but I do not take this to be a 
peculiarity of the fauna during that period, being inclined to 
consider the nature of the deposits in connection with the animal | 
forms inclosed by them. Lamellibranches are inhabitants of the 
sands of shore lines, and consequently must preponderate over 
dwellers in the deep sea, which by chance only are thrown out 
amongst them, just as is the case on the shell beaches of the 
ocean of the present day. 

The lower division, chiefly a shale formation, is much greater 
than the upper; it is interstratified with arenaceous beds and with 
seams of calcareous and ferruginous concretions; frequently, also, : 
several heavy sand-rock masses, sometimes 100 feet in thickness, are 
found interstratified between the shales, as is proved by deep bor- 
ings. Whether these heavy sand-rock deposits occupy a certain 
equivalent position in different localities, or are local deposits, can 
not be positively asserted. All we know of the matter is derived 
from the results of afew borings. If we compare the boring records 
of the salt wells in different parts of the country, we find that, after 
penetration of the upper sand-rock division, usually not less than 400 
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feet of a shale formation are found before the deeper massive sand 
rock beds are struck, which latter, in the technical language of the 
salt manufacturer, are called the salt rock, because they supply him 
with strong, valuable brine. The brine is not confined to a certain 
horizon in the Waverly group; it seems to pervade all of it, but 
has accumulated only in beds sufficiently porous to absorb it from 
the surrounding rock mass, and sufficiently protected from the 
percolation of surface waters to retain the solution of the salt in 
concentrated form. These conditions are much better fulfilled 
by the deeper beds than by the more superficial. In the majority 
of salt wells, high above the productive level, there is found 
a weak brine which increases in strength the nearer we come to 
the principal, more deeply situated repository. Experience has 
taught the salt manufacturer that, after exhaustion of the first 
salt rock, by boring deeper, sometimes, but not always, another 
sand rock saturated with strong brine can be found, termed by 
him the second salt rock; but this designation is not applicable 
to a rock having a certain geological position, as it relates only to 
the conditions of a locality, and as the equivalent of the second 
salt rock in one well may be in another the upper or first salt rock. 

In the salt wells of Tawas, Caseville, Port Austin, Port Hope, 
White Rock, etc., the salt rock is inclosed by the deeper shaly divi- 
sion of the Waverly group. The upper strata of the formation, as 
the sandstone of Point of Barques, and the grindstones, contain no 
salt in these localities; they have been leached out owing to their 
superficial position. The salt wells of Saginaw, on the other hand, 
seem to furnish their supply of brine from the upper sand rocks cor- 
responding to the Point of Barques sandstone or the grindstones. 
They are deeply buried under the coal measures and the carbonife- 
rous limestone, which prevent the atmospheric waters from perco- 
lating through them. The brine contained in these beds even rises 
into the superincumbent layers of the coal series, with the waters 
circulating below it, which all are under a certain hydrostatic 
pressure driving them upward to the surface. 

From all the facts known, we must suppose that the salt exists 
in the strata as a solution, retained in the porous sand rock as ina 
sponge. Indications of solid rock salt have never been noticed in 
any of the salt wells of Saginaw district. I have stated that brine 
is found in almost every part of the State where the Waverly 
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group can be reached by deep borings; in many localities a brine 
of equal strength with the best brines of Saginaw district has been 
found, without an attempt made to utilize it. 

The manufacture of an article as cheap as salt depends not only 
upon the supply of good brine, but upon the expense of convert- 
ing the brine into the merchantable article. In this respect, 
only large saw-mill establishments, with their immense mass of 
waste fuel, can enter into successful competition with the Eastern 
and Canadian salt works, with a fair chance of profit. In all other 
cases, its manufacture would hardly more than pay the expense of 
the fuel used for evaporation of the brine. 

An exposition of the salt-manufacturing process, of chemical 

analyses of the salt brines of different localities, statistical records 
of the salt production in Michigan, etc., are given in an appendix 
elaborated by the State salt inspector, Dr. Garrigues, who kindly 
offered his help, and, being in the possession of all the facts relating 
to the matter, was far better qualified to make this part of the re- 
port than I could be, however well disposed. 


CHAPTER AX: 
CARBONIFEROUS LIMESTONE. 


THE rock beds succeeding the Waverly group indicate impor- 
tant changes in the condition of things caused by the altered 
nature of the ocean sediments. The sandy material so much pre- 
vailing toward the end of the Waverly period begins to vanish ; 
in place of arenaceous ledges interlaminated with the still con- 
tinued shaly sediments, we find beds of limestone, and gradually 
the shales become narrower subordinate seams, until the upper part 
of the series is exclusively a limestone formation. The upper 
limestones resemble, in rock character and by their fossils, the 
upper division of the subcarboniferous limestones of the Mississippi 
valley; the lower part of the formation, which, locally, incloses 
heavy gypsum beds and attains a considerable thickness, is indu- 
bitably the equivalent of the inferior division of the western sub- 
carboniferous limestones, but can not be exactly parallelized with 
a certain horizon of that series. 

The lower gypsiferous part of the group has been described by 
Prof. A. Winchell under the name of Michigan salt group. Ihave 
previously stated that the salt brines of Michigan are derived from 
the subjacent Waverly group. Gypsum and salt are frequently found 
associated in other parts of the world, which circumstance prob- 
ably induced Mr. Winchell to locate the salt in this higher rock 
series ; but the fact of the occurrence of the salt brine in a lower 
position can not be denied on the ground of mere theoretical specu- 
lation. ‘The carboniferous limestone series is very unequally de- 
veloped ‘on the peninsula ; in some parts we find it scarcely repre- 
sented, while in others the upper calcareous division is well de- 
veloped, but not the lower gypsiferous beds, which seem to be of 
restricted local extent. The lowest beds of the group can be ob- 
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served in the vicinity of Caseville, on the farm of Mr. Klump, in 
Town. 18, Range 11, Sect. 18, where bluish drab-colored limestone 
beds of dolomitic, or partly of arenaceous character, repose on the 
upper coarse-grained sand-rock ledges of the Waverly group, similar 
to those exposed some miles east of the place, at Hat Point. 

The limestones contain a species of Productus with very convex 
ventral valve, shallow, sinuated in the median line, and covered by 
from 40 to 50 fine sub-equal ribs, a Retzia similar to Retzia vera 
Hall, Terebratula (similar to Eudora), Spirifer Marionensis, and 
Spiriferina spinosa. At Oak Point, a short distance north of the local- 
ity just mentioned, fragments of similar fossiliferous, arenaceous lime 
rock are thrown out by the lake, and in its bottom, a short distance 
off shore, larger angular blocks of the same are found. Some of the 
slabs thrown ashore are almost totally composed of fragments of 
Brachiopod shells, besides other bivalves, Crinoid joints, stems of © 
Bryozoa, etc. In dredging out the harbor at Caseville, rounded, 
strongly drift-worn limestone boulders of the same lithological 
character, and inclosing similar fossils, are brought up with the 
mud masses; among them are dark, bluish-colored, fine-grained 
limestones, crowded with shells of Lamellibranches, Myalina, 
Modiolopsis, Schizodus, with some Brachiopods, Rhynchonella, Ret- 
zia, Terebratula, etc., intermingled. Other calcareous rock bould- 
ers are of a slaty, laminated structure, of a dark, nearly black color, 
and filled with band-like, compressed stems, divided by regular con- 
strictions into suborbicular segments. The bands seem originally 
to have been hollow utricules, with veinous, longitudinal carine ; 
their substance is brownish, horn-like, and semi-translucid ; most 
probably they are vegetable organisms. Other paleontologists to 
whom I showed the specimens suggest that they are related to 
Graptolites. A short time after I found these slaty boulders, 
whose position was not known to me, I discovered in the bed of 
Riile Wives atvisland Rapids, Wow. 21) ka gusece, 2e, the same 
rock in place; besides the stems mentioned, it contains a Productus 
and some shells resembling Modiolopsis. It forms the lowest beds 
in the rapids, visible to a thickness of 3 or 4 feet ; above them are 
from 6 to 8 feet of limestones, of crystalline structure and dark gray 
color, full of Crinoid joints and shells or their fragments. Among 
them I recognized a large Aviculopecten, a Rhynchonella, Spiri- 
ferina spinosa, Productus, and quite numerous specimens of an 
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annulated Orthoceras, resembling Orthoceras annulato-costatum 
of Meek and Worthen. The specimens are thickly incrusted with 
laminated strata of an amorphous limestone mass, which resemble 
the incrustation by a Stromatopora, but have no trace of organic 
structure. The siphon of the Orthoceras is central. An outcrop of 
the underlying Waverly sandstone, two miles above Island Rapids, 
has been previously described. The immediate contact of the 
superimposed limestones with the sand rock is not seen; the river 
bed in the interval is formed by drift, and the slopes of the hillsides 
bordering the river are all drift. Another locality where these 
lower beds of the carboniferous limestone series can be observed 
is on Cass River, 30 miles south of Caseville, in Town. 13, R. 11, Sect. 
16. At the farm-house of Mr. W. H. Brown, situated close by 
the river bed, the water flows in rapids over the oblique edges of 
rock beds dipping at a moderate angle down stream. Here we 
find a coarse-grained whitish sand rock with small punctiform, ferru- 
ginous dots, and sometimes containing stems of Lepidodendron and 
other vegetable remains. Interstratified with them are greenish, 
micaceous sand-rock ledges and arenaceous, shaly seams. This sand 
rock is the equivalent of the Point of Barques sandstone, and forms, 
with few exceptions, the bed of Cass River for 6 or 8 miles up its 
course to Indian Rapids, which were mentioned when I gave a de- 
scription of the outcrops of the Waverly group. Only a few steps 
below Mr. Brown’s house, the sand-rock ledges are overlapped by 
a bluish argillaceous limestone of a dull, earthy fracture and mod- 
erately soft. It was from this rock that the Indians used to carve 
their smoking-pipes. It contains numerous nodular concretions 
of Zincblende, or Druse cavities filled with this mineral, or with 
Brownspar and Dolomitspar. The Zincblende is mistaken by the 
inhabitants for Galena, and the same mistake occurs on the old 
maps of surveyors, lead ore being indicated as occurring in the 
vicinity of Cass River. Stories are afloat according to which 
Indians used to gather large quantities of lead on Cass River and 
transform it at once into bullets, but I have little belief in such 
accounts, especially since I have failed to find any thing to substan- 
tiate them; the only mineral observed by me was Zincblende. 
This lime rock contains a moderate number of fossils, Produc- 
tus, Spirifer Marionensis, Spiriferina spinosa, Syringopora ramu- 
losa, and Orthoceras (annulato costatum ?), the same as those found 


CARBONIFEROUS LIMESTONE. 105 


in the bed of Rifle River. Some vegetable remains can also be ob- 
served. The thickness of this limestone may reach 8 or Io feet ; 
above it isa seam of coarse-grained, drab-colored, rusty dolomite 
rock, which is crowded with casts of Spirifer Marionensis and va- 
rious kinds of Lamellibranches, Terebratula Eudora? Retzia, and 
others. Purer calcareous beds, nearly all composed of shell frag- 
ments like those at Oak Point, are interstratified here, and higher 
we find blue argillaceo-arenaceous limestones, of an absorbent, 
porous character, which contain somewhat abundantly the Pro- 
ductus species mentioned several times before, but few of other 
fossils. A hard, calcareous bed with flint concretions overlies 
them, and then follow arenaceous shales and harder sand-rock 
ledges of a bright red, or yellowish green and red variegated 
color ; some of the layers are in brecciated condition. The total 
thickness of the red layers may be 15 or 20 feet, of the entire sec- 
tion exposed in the river bed, 50 feet. Further down stream, the 
strata disappear under the drift, and no rock is exposed in the bed 
of Cass River until Tuscola village is reached, where small out- 
crops of the coal measures are observed. Up stream, between 
Brown’s farm and Indian Rapids, by undulations of the rock beds 
the Waverly sandstone becomes sometimes bent downward into a 
synclinal trough, and the intermediate depression is filled out with 
the higher fossiliferous limestones, containing Zincblende concre- 
tions. 

Next above the described rock series the horizon of the gyp- 
sum deposits begins, but a direct superposition of the strata is 
nowhere observed, and the gypsum, as I have intimated before, is 
only found in local deposits, many places on the same geological level 
with these bearing no signs of it whatever. The largest exposures 
of the gypsum formation are found on the shore of Lake Huron, 
at Alabaster Point, where beds of pure gypsum, covered by only a 
few feet of drift, lie quite near the surface. The gypsum beds are 
deeply eroded by the solvent action of atmospheric waters; during 
the glacier time, also, much of the soft rock became destroyed, or 
intersected by large, deep grooves which are now filled up with drift 
material. The practical quarryman in search of gypsum is 
cuided in his explorations by certain surface indications. 

The surface in those places where the gypsum is close under it 
is full of small pot-holes and intermediate hillocks, and he knows 
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by experience that the depressions indicate places where the super- 
ficial gypsum beds have been dissolved, or carried away by some 
cause, while in the hillocks he is always sure to find a well-pre- 
served mass. In the quarries of Messrs. Smith, Bullard & Co., the 
superficial gypsum bed is 15 feet thick; large masses of white or 
rose-colored granular gypsum and smaller fragments of the same 
pure substance are cemented together by seams and veins of gray 
argillaceous gypsum into one solid, compact bed, variegated and 
mottled in some spots like castile soap, or of much coarser brecciated 
structure where the larger masses of pure gypsum are cemented. 
Below the gypsum bed follow calcareo-arenaceous, thinly lami- 
nated flagstones, and shale beds of dark greenish drab-color, seen 
uncovered in a thickness of about 6 feet. The flagstones are very 
fossiliferous ; particularly abundant is a Myalina, next so are Al- 
lorisma, Aviculopecten, Edmondia, Retzia globosa, and Spiriferina 
spinosa. The owners of the quarry have bored to the depth of 20 
feet below its bottom, and have found only a few feet down another 
very thick gypsum bed, which for the present is not opened. 
About 4 miles south of Alabaster Point, the gypsum formations rise 
in bluffs along the shore to the height of about 25 feet. The strata 
in question seem to be next above the gypsum of the Alabaster 
Point quarries. Lowest, at the water level, heavy, somewhat con- 
cretionary masses of gypsum project; above them follow about 10 
feet of soft green shales full of small nodular concretions of gyp- 
sum. The shales are covered by an arenaceo-calcareous rock, in beds 
of from 4 to 6 inches in thickness, which in one place where gyp- 
sum has been quarried is directly covered by drift masses, the sur- 
face of the ledges being plainly drift-marked in a direction from 
northeast to southwest. Only a few steps further south from this 
locality, these upper drift-marked ledges are overlaid by from 6 to 
8 feet of arenaceous shales, or by soft greenish sandstones of dis- 
cordant stratification, and frequently ripple-marked ; and on them 
a seam of brittle limestone 15 inches or 2 feet thick, with many 
flint concretions, forms the top of the bluffs. This calcareous 
rock with flint nodules forms the surface rock under the drift, ex- 
tending from here down to White Rock Point, where a number of 
additional light-colored limestone beds are found connected with 
it, and laid open in a few limited escarpments along the lake 
shore. Next above these limestones of White Rock Point follow 
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the limestones of Aux Grees Point; but a direct contact between 
the beds is not seen, the interval from White Rock Point to Point 
Aux Grees being filled by a sand beach, and the country back 
from the shore being all deeply drift-covered. 

Gypsum beds are frequently penetrated in boring for salt in 
Saginaw valley, but from these not much is to be learned of the 
detailed structure of the gypsum formation, and the limits of this 
horizon, either upward or downward, are not clearly recognizable. 
In some of the bore-holes of Saginaw valley, no gypsum beds 
were found at all, but the presence of gypsum within the rock 
beds is perceived in these wells notwithstanding, by the large 
quantity of gypsum which the water holds in solution. The 
manufacturers have to carefully close off from their pipes the water 
streams coming from the gypsiferous horizon, as it will incrust their 
cavities in a very short time and cause obstructions. In the salt 
wells of Kawkalin, the gypsum is struck at a depth of 400 feet from 
the surface. In some wells of Bay City the gypsum horizon is about 
700 feet below the surface. Further south, in Blackmar’s salt well, 
near Bridgeport, and in the borings at Flint, Lansing, etc., no gyp- 
sum beds were found. 

West of Alabaster Point, for a distance of 30 miles the gypsum 
formation can be found near the surface on all the head branches of 
Aux Grees River. In Town. 21, R. 5, Sect. 20, the shales inclosing 
gypsum beds are seen in the bed of Aux Grees River and on its 
banks. Shales of blue or greenish color, interstratified with calcareo- 
arenaceous seams, inclose large concretionary masses of pure white, 
rose, or salmon-colored granular gypsum, in quantities which would 
invite to mining enterprises, but for the fact that gypsum has a 
limited demand, and that the necessary supply can be much more 
cheaply quarried in the gypsum beds near the shore, which, from 
present appearances, are not likely to be exhausted for a great many 
years to come. Some miles northeast from this latter spot, in Town. 
21, R.5, Sect. 12, is another similar exposure of rich gypsum de- 
posits, and numerous smaller exposures are noticed in the beds of 
creeks between that locality and the lake. In the central part of the 
peninsula, along the supposed northern division between the coal 
field and the Waverly group, no rock exposures whatever are 
known ; likewise along the same geological belt arching across the 
south part of the peninsula, no gypsum deposits have ever been dis- 
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covered, but on the western edge of the belt we meet again with 
large gypsum deposits in the vicinity of Grand River. The gypsum 
formation is found close under the drift extending from the south- 
ern limits of the city line of Grand Rapids to within a mile or 
more south of the village of Grandville, covering in all about 
6 or 8 square miles, and found everywhere over that space 
within a distance of not more than 50 feet from the surface. 
Some spots there may be found where the gypsum beds have been 
destroyed during the drift period, but, as a rule, it may be with 
safety looked for everywhere in the district. Seven gypsum quar- 
ries are now in operation in the vicinity of Grand Rapids, situated 
on both sides of Grand River, and if the demand for gypsum were 
to increase tenfold, there would still be no lack of material. 

In most of the quarries, a bed of pure gypsum much cut up by 
‘ erosions is found close under the drift; below that bed are dark 
gray shales with seams of argillaceous limestones and arenaceous 
beds, amounting to various thicknesses, in different localities ; 
then follows a gypsum bed from 8 to 12 feet in thickness, and 
under it are again shales and limestone beds with thin seams of 
gypsum. 

In the plaster quarries of the Grand Rapids Plaster Co., on the west 
side of Grand River, the upper layers in the bluff are soft arenaceous » 
shales, interlaminated with seams of limestone and arenaceous flag- 
stones, having an abundance of globular or lenticular nodules of 
rose-colored granular gypsum, as well as seams of a brown gypsum, 
in large, columnar crystals, together with thin seams of a perfectly 
colorless, translucid selenite. At the base of the bluffs, two thick 
beds of gypsum project, partly composed of pure white or reddish 
granular gypsum with gray, veinous, mottled seams; partly of a 
more impure brecciated mass of gypsum and gray limestone 
cemented together, which latter, if the limestone is mingled in 
undue proportion, has to be thrown aside as waste rock. In this 
locality, the gypsum is mined by driving subterranean galleries 
into the bluff. A view of the mine is represented in the plate 
accompanying this report. A large plaster mill is erected close 
to the mine, where the impurer gypsum is ground for agricul- 
tural purposes, the purer rock being selected and ground separate- 
ly for conversion into plaster-of-paris, while the finer granular 
masses are occasionally used for ornamental purposes, such as the 
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cutting of it into vases, etc., and polishing it. The rest of the quar- 
ries are worked in the ordinary style of stone quarries. In the 
Grandville quarries, of the Grand Rapids Plaster Co., we find high- 
est a series of argillaceous, drab-colored, easy weathering limestones 
with seams of shale, which, locally, are found to be quite fossil- 
iferous, containing several forms of Lamellibranch shells, Schizo- 
dus, thick-shelled, large Nuculas, and other forms ; Brachiopods, such 
as Chonetes, and an Orthoceratite, Crinoid stems, Bryozoa, etc., are 
also found ; but in particular, Fish remains in somewhat worn condi- 
tion areabundant. Scales, teeth, dorsal spines, and numerous copro- 
lites, mixed with water-worn pieces of shale, sandstone, and quartz 
pebbles, and cemented by carbonate of lime, compose the fossilif- 
erous seams. The non-fossiliferous portions of this rock, which, on 
chemical analysis, gave, 
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might perhaps be converted into hydraulic cement. Below these 
upper strata a white gypsum bed, a few feet in thickness, follows, 
which in some places lies directly under the drift, and is very much 
eroded and cut up into isolated blocks, quite surrounded by 
drift material. The next lower strata, amounting to about 4 
feet, are argillaceous limestones and soft, dark gray shales, which 
rest on a heavy bed of gypsum from 8 to 12 feet in thickness. The 
lowest strata seen in the quarry are again limestones and dark shales 
with thin seams of white gypsum. In the lately opened Wyoming 
Plaster quarries, about half a mile northwest of the Grandville Plaster 
quarry, 25 feet of rock beds are uncovered. First come about 8 
feet of drift, then 3 feet of a calcareous laminated sand rock with 
purer limestone seams of a greenish-gray color; next lower is a 5- 
foot bed of white gypsum, then calcareous sand rock and dark 
bluish shales, amounting to 7 or 8 feet ; lowest is a plaster bed, al- 
ready penetrated to a depth of 17 feet without having reached its 
limit. The lime and sand-rock beds are very plainly ripple-mark- 
ed, and on some of the slabs are the relief casts of large, irregu- 
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larly reticulated sun cracks; their surface is covered by thin lam- 
inz of colorless, translucid selenite. 

Fossils I could not find in this quarry, except some small frag- 
ments of the before-mentioned water-worn fish-bones. The thick- 
ness of the gypsiferous rock series can not be estimated from the 
exposures in the quarries; by borings it has been ascertained to 
be about 160 feet. In an artesian well sunk at the principal 
business place of the city, in Mr. Powell’s block, a lime rock 36 feet 
in thickness was first penetrated under the drift ; then followed an 
alternation of shales, gypsum beds, and lime-rock ledges, to a depth 
of 204 feet from the surface. The bottom of the well is in sand 
rock, and a fine stream of pleasant potable mineral water dis- 
charges from the tubing to refresh the thirsty. A more detailed 
account of a boring made in Beyrich’s brewery to a depth of 236 
feet may give an idea of the sequence of rock beds in the vicinity 
of Grand Rapids: 
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There is an ample flow of mineral water from this spring, quite as 
pleasant to drink as that from Mr. Powell’s well, but it is not a water 
fit for brewing purposes, to supply which the boring was originally 
intended. 

The upper calcareous division of the carboniferous limestone se- 
ries is, at Grand Rapids, directly superimposed on the gypsiferous 
shale formation ; the beds of transition from one to the other could 
formerly be seen in the river at the foot of the rapids, but at 
present all that part is filled up and covered over with large build- 
ings. 

The approximate thickness of the limestones at Grand Rapids is 
50 or 60 feet; the lowest beds are in streaks mingled with sand 
granules or alternating with thin seams of sand rock; the higher 
are free of arenaceous admixture, and are stratified in moderately 
thick beds, which contain some fossils and many druse cavities filled 
with brown-colored spar crystals. Most observable among the 
fossils are large fish-teeth, various forms of Fenestella, Polypora, 
Trematopora, Lithostrotion mamillare, and a few Brachiopods. 
In a few quarries, close to the west side of the river, these strata 
can be seen. Formerly they were more extensively exposed 
in the river bed and in the banks on the east side, but by the erec- 
tion of dams across the river and of buildings along its sides, nearly 
all are now hidden from observation. Next above these massive 
beds, which serve a good purpose as a building material for rough 
walls, follow thinner-bedded limestones interlaminated with calca- 
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reous shales. These are uncovered in some old quarries not far from 
the Detroit and Milwaukee Railroad depot, and are used for lime- 
burning; the fossils inclosed are Allorisma clavata, Productus 
Flemmingii, Lithostrotion proliferum, Lithostrotion mamillare, 
numerous Bryozoa, Phillipsia, and a few others. In the river bed 
west of the Milwaukee depot, other limestone ledges of a reddish 
color and of silicious character overlie the former, but the river is at 
present rarely low enough to allow of their being seen. North of 
Grand Rapids the limestone formation is soon lost under the 
heavy drift masses ; also eastward, through the towns of Ada and 
Cascade, all is covered by drift, but the numerous limestone frag- 
ments intermingled with the drift make it probable that the forma- 
tion underlies these towns. Westward from Grand Rapids the sand- 
rock ledges of the Waverly group form the surface rock under the 
drift, and are denuded in a few limited spots. The supposed ex- 
tension of the carboniferous limestone belt passes northward 
over Newaygos, curves diagonally through Osceola County, and, 
taking an eastern direction near the second correction line, strikes 
with a curve southeastward toward the north shore of Saginaw 
Bay. The first outcrops of the limestone along this described 
course are found at the headwaters of Rifle and Aux Grees rivers, 
whence they continue to the lake shore. The rest of the inter- 
val exhibits no rock ledges of any kind, and the drift is so deep 
that erosions by rivers, or ordinary wells or other artificial excava- 
tions never reach the underlying older strata. . 

Southward from Grand Rapids the opportunities for following 
the carboniferous limestone belt are not more favorable than to 
the northward; we find it first denuded at Bellevue, 60 miles 
southeast of Grand Rapids. Borings at Middleville, Hastings, 
and other places, lying in the supposed direction of the limestone 
belt, did not reach to the rock beds at a depth of over 100 feet. 
At Bellevue, over a space of about 6 square miles, the carbonif- 
erous limestone is at the surface, or covered only by drift deposits 
of moderate thickness. In the bed of Battle Creek, and in a rail- 
road cut south of Bellevue village, we find as the lowest strata of 
the exposures a greenish-white sand rock of middling fine grain, 
partly soft and friable by pressure with the fingers, partly hard, and 
firmly cemented by an abundance of sparry calcareous material. 
Such calcareous sand rock reflects the light from its fractured sur- 
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faces in the same manner as if they were the fissure plains of a 
crystal or of innumerable parallel crystals; its chemical composi- 
tion is 69 per cent of quartz with 30 per cent carbonate of lime. 
Upward in the series the arenaceous beds are gradually replaced 
by pure limestones, but thin seams of quartz sand are yet occa-- 
sionally wedged in between the calcareous layers. Not unfrequent- 
ly the strata of this horizon are in brecciated condition; locally 
they are found to be very fossiliferous—numerous Fish-teeth 
(Helodus, Cladodus, etc.), Productus Flemmingii, Bellerophon sub- 
levis, Zaphrentis spinulosa, Fenestella, Polypora, and Trematopora 
being the forms noticed. The next higher strata are pure, light- 
colored limestones with smooth, conchoidal fracture, in beds of vari- 
able thickness, interlaminated with concretionary seams of Horn- 
stone ;.fossils are generally not very abundant, but certain seams 
are crowded with them over widely extended surfaces. The stems 
of Lithostrotion proliferum, also Syringopora ramulosa, Allorisma 
clavata, and various Bryozoa, are not uncommon. The numerous 
quarries of Bellevue are opened in these beds, which reach 8 or 10 
feet in thickness. Their chemical composition is: 
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In the quarries, we observe above these limestones a stratum of 
a brown ferruginous dolomite with dull, earthy fracture, and about 
2 feet in thickness, and following next to it about 3 or 4 feet 
of light-colored limestones identical in appearance with the beds 
below. Higher still is another belt of brown, ferruginous dolomite 
rock, about one foot in thickness, and either in continuous layers 
wedging out at both ends, or in seams of irregularly-shaped sep- 
taria surrounded by calcareous shale. A few feet of light-colored, 
thin-bedded lime rock deposited on top of the brown concretionary 
seam are the highest strata noticed. 

The brown dolomite rock is composed of 
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The total thickness of the strata exposed at Bellevue I estimate 
to be about 50 or 60 feet. The rock is generally quarried for 
lime-burning ; as a building-stone it is used in the vicinity, and 
large quantities of it have been used in the construction of the 
foundation for the State House at Lansing. The rock was broken 
into fragments, and filled into the bottom of the ditches for the foun- 
dation, over which a liquid hydraulic cement was poured. South 
of Bellevue, along the valley of Battle Creek, the rock soon disap- 
pears from sight; at the junction of the creek with Kalamazoo 
River, the beds of the Waverly group are near the surface, and be- 
tween Bellevue and Battle Creek outcrops of the gypsum formation 
should appear in the bed of Battle Creek, but no indications of this 
mineral have ever been found there. 

The trend of the formation is to the southeast; travelling in 
this direction, the first indications of the carboniferous limestone are 
found again some miles north of Albion, and from there across the 
centre of Jackson County many isolated patches of the limestone are 
met with. It is often impossible to determine the exact strati- 
graphical relations of these outcrops to the surrounding sand rock 
and shale strata of the coal measures ; the beds have been evident- 
ly considerably disturbed during the drift period, segments of hills 
having been carried away by the advancing stream of drift masses 
from their original resting-place, and deposited, as they are now 
found, in more or less uptilted, irregular position inclosed within 
the drift, but with the relative stratigraphical order of the beds to 
one another fully preserved. Several such large masses of carbo- 
niferous limestone within the drift are intersected by the Michigan 
Central Railroad in the interval between Albion and Jackson. A 
short distance northeast of Parma village the carboniferous lime- 
stone underlies quite an extensive area, and several quarries were 
once worked init. The rock is of dark-bluish color, full of sparry and 
silicious veins; it contains Allorisma clavata, Crinoid joints, etc. 
As a building-stone it has little value, nor is it good for lime-burn- 
ing, having too great an admixture of silicious matter. Above the 
blue lime rock is a brown, cellulose dolomite rock equivalent with 
the brown dolomitic seams of the Bellevue quarries ; its composi- 
tion is, 
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South of Parma, in the township of Spring Arbor, the carbonif- 
erous limestone has many outcrops; one is on Mr. Roberts’s farm, 
Sect. 17, where a quarry was opened forty years ago by the pres- 
ent owner for the purpose of burning lime, which in those early days 
of settlement was a great desideratum and found aready sale. The 
quarries are on the slope of a hill facing south. Lowest is a sand 
rock of light greenish color and moderately fine-grained ; part of it 
is soft and porous, while other beds are rendered very compact 
through an abundance of calcareous cement. In alternation with 
the sand rock are soft, plastic, light-colored shales or arenaceous 
shales. Above the sand rock, which in the upper ledges changes 
into a sandy limestone, beds of a pure lime rock follow with a thick- 
ness of from 8-to Io feet ; some of the beds are of crystalline struc- 
ture; others have a smooth, conchoidal fracture, and are often in 
brecciated condition, re-cemented by veins of calespar. On top, the 
brown dolomite, so often mentioned before, is found again. Fos- 
sils are quite rare in this locality. Along the wagon-road from the 
quarries to Jackson, several other outcrops of the carboniferous 
Jimestone are passed by within the limits of Spring Arbor town- 
ship. On Mr. Shoemaker’s land, in Summit township, 3 miles south 
of Jackson, another exposure of the carboniferous limestone can 
be observed. Atthe foot of a hill sloping toward a marshy flat land, 
there isarather coarse-grained, whitish-green sand rock containing 
flint concretions, and cemented hard by calcareous matter. Above 
it are beds, still arenaceous, which should be classed as limestones ; 
they are partially in brecciated condition, inclosing within an arena- 
ceous, re-cemented lime-rock mass, pure limestone fragments with 
smooth, conchoidal fracturet Still higher beds are a purer lime 
rock, not brecciated, with some flint nodules, and crowning the sec 
tion we find again 4 or 5 feet of the brown, ferruginous dolomite 
rock, partly of cellulose structure, easily decaying into angular frag- 
ments of arough, earthy surface. The purer beds of the limestone 
contain, 
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The entire section comprises about 18 feet of strata. North of 
Jackson, on Portage River, about a mile east of its entry into Grand 
River, the carboniferous limestone is found on top of a hill, the 
southern slope of which is formed by steeply inclined sand rock and 
shale beds, with seams of coal. Their dip is southward. 

The lowest beds of limestone exposed are of a nodular, brecciated 
character, composed of rounded lumps of a light-colored, smooth 
fracturing limestone, with seams of green-colored harder and softer 
shaly substance filling the-interstices; the higher beds are a 
smooth, compact, brittle lime rock of light color, also in shatter- 
ed condition, and full of stylolithic segregations. Fossils are rare; 
sometimes a Productus, Allorisma clavata, Bellerophon sublevis, 
or a species of Rhynchonella, is inclosed. The strata seen in the 
quarries reach a thickness of 15 feet. Mr. Wright, the owner of 
one of the quarries, drilled a hole within its limits to a depth of 53 
feet. ‘First, 9 feet of the upper lime rock in the quarries were 
penetrated, then 5 or 6 feet of the greenish, brecciated lime rock, 
followed by'2 or 3 feet of a reddish-colored limestone. Below 
came 8 or 10 feet of hard, calcareous sand rock, and, lowest, a 
coarse, soft sandstone. Only about 30 steps from this bore-hole, 
across the road, a shaft of 25 feet in depth was dug, which first 
went through highly inclined black shales, and then through sand 
rock belonging to the coal measures. 

On the opposite, south side of Portage River, the sloping hill- 
side over which the road to Jackson leads is formed by coarse- 
grained, soft sandstone similar to the sandstone of the Jackson coal 
mines. Near the top, greenish calcareous sand rock, with seams 
of greenish shale, is seen in the ro&d ditches, and right above 
it are 5 feet of well-stratified limestones with delicate laminar 
striation resembling a Stromatopora, but apparently not of or- 
‘ganic origin. The same limestone beds are pervaded by nu- 
merous vertical flexuose channels, laterally anastomosing, and 
much resembling moulds formed around the clustered stems of a 
Syringopora. Some of the cavities were filled with spar, but I 
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could not discover organic structure. The limestone of Portage 
River makes an excellent white lime ; its composition is, 
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North of Portage River, along the eastern margins of the central 
coal field, no outcrops of the carboniferous limestone are known. 
South of Saginaw district; through borings made along this line, or 
more toward the centre of the peninsula, the carboniferous lime- 
stone series is found very poorly represented, and frequently seems 
to be altogether missing. 

At Lansing, many deep borings have been sunk, one to a depth 
of 1400 feet, and one in the yard of the Lansing Hotel to a depth 
of 740 feet, of neither of which was I able to get a record. Another 
well in the State Reform School, having a depth of 506 feet, was 
carefully recorded ; but the identification of rocks by comminuted, 
sand-like particles, as they are brought up by the sand pumps, is 
so difficult that one can rarely get from the well-borers, who gene- 
rally keep such records, names appropriate to the various forma- 
tions encountered. Contemplating such a record, with the intent to 
form an idea of the exact nature of the superimposed rock series, 
one is often disposed to give up in despair, if he is over-scrupulous 
to give rein to his imagination, or to arrange things to suit his own 
notions. The register of the boring at the Reform School reads as 
follows : 
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In deep borings made at Flint, no rocks similar to the car- 
boniferous limestones have been found, neither does the record of 
Blackmar’s salt well, south of Bridgeport, say any thing of lime- 
stone beds perforated; but in nearly all the boring records of 
Saginaw and Bay City, the horizon of the carboniferous limestones 
is plainly discernible. In the Saginaw Bay district, we find fine, 
natural exposures of the carboniferous limestones, northward on 
the branches of Rifle and Aux Grees rivers. 

If we follow Aux Grees River from the point where I have de- 
scribed the gypsum beds (in Town. 21, R. 5, Sect. 20), upward to Sect. 
30 of the same township, we find the creek running over arenaceous 
limestone ledges, and in its banks about 12 feet of limestone 
strata are seen above the water-line. The lower arenaceous lime- 
stones are interstratified with dark, blackish shales. One of the lower 
beds is also pervaded by the Syringopora-like ramifications of 
cherty substance which I have described in the limestones found 
north of Jackson, on Portage River; here also no organic structure 
can be discovered. The upper portions of the ledges in the out- 
crop are light-colored, smooth-fracturing limestones, containing 
many hornstone concretions, and of fossils, an abundance of Allo- 
risma clavata, with other species, such as Productus Flemmingii, Sy- 
ringopora ramulosa, Zaphrentis spinulosa, and various forms of 
Fenestella. A chain of outcrops of these limestones extends be- 
tween the parallel streams, Rifle and Aux Grees, to Point Aux 
Grees. This point is a low land-tongue of not over Io feet eleva- 
tion above the lake level. On both sides for the distance of a mile 
it is lined with low cliffs of calcareous sand-rock ledges, with flint 
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nodules, the upper, more limestone-like arenaceous beds of which 
contain Zaphrentis spinulosa, Lithostrotion proliferum, Syringo- 
pora ramulosa, and Productus Flemmingii. Above the arenaceous 
beds are 6 or 8 feet of light-colored brittle limestones with an abun- 
dance of flint nodules, interlaminated with thin seams of greenish 
shales. The limestones contain, besides the fossils mentioned, 
Fenestellas and other Bryozoa. In former years the limestone was 
quarried there, but at present the place is abandoned. The Charity 
Islands are composed of the same rock beds as Point Aux Grees. 
On the largest of them, on which a lighthouse is built, the north- 
east shore presents the best exposures. The bluffs are nowhere 
over 8 feet high, being generally lower. One place exhibits a very 
interesting example of discordant stratification. The lowest beds, 
a light-colored, ripple-marked, calcareous sand rock, project in a 
gentle arch about one foot above the water level, and from both 
sides higher strata dip away from the convexity at a sharp angle, 
resembling the anticlinal position of an uplift, with about 50 feet of 
rock beds on each side of the arch, in an imbricated order, and hav- 
ing at their projecting ends about the same level. The higher 
ledges of this anticlinal series are still arenaceous, but the lime 
prevails, and for them the name of lime rock is more appropriate 
than that of sand rock. They contain flint concretions, Zaphrentis 
spinulosa and Lithostrotion proliferum, and the surface of nearly 
all of them is ripple-marked. Over the surface of this anticlinal 
series, horizontal limestone ledges are deposited in obvious dis- 
cordance with the subjacent ones. These upper ledges are a pure 
lime rock, free of sand, but inclosing numerous flint nodules, and 
interlaminated with thin seams of calcareous shale. Lithostrotion 
‘proliferum, Syringopora ramulosa, Fenestella, Polypora, Productus 
Flemmingii, Allorisma clavata, and Fish-teeth are the usual fossils, 
but are not found in great abundance. The thickness of these upper 
horizontal beds is about 8 feet. Higher strata are not observed 
on the island ; its west side is low, marshy, and covered with loose 
rock débris and sand. The subjoined sketch illustrates the irregu- 
larity of stratification which I have just descrbed : 
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The most complete exposure of the carboniferous limestones is 
seen on Wild Fowl Bay, 6 or 8 miles southwest of Caseville. We find 
on the shore there, below the water level and emerging above it, a 
greenish-white calcareous sand rock, visible in a thickness of 4 or 
5 feet. Next above is a layer of gray limestone with cherty no- 
dules, about 1 foot in thickness, overlaid by a thin seam of shale ; 
then a 6-inch bed of delicately laminated limestone, and a seam 
of sand rock of a few inches; on it lie several somewhat differing 
ledges of an arenaceous limestone of laminated structure, amount- 
ing to 2 feet, upon which follow in the order given, an 8-inch 
layer of dark gray bituminous limestone with smooth fracture, a 
blackish, thinly laminated calcareous shale, 2 feet thick, full of scales, 
teeth, and bones of small fishes, besides a species of Cypris, or 
Cythere, and a dark gray limestone of smooth, conchoidal fracture, 
in three 1-foot beds, of which the upper one-is pervaded by Syringo- 
pora-like, flexuose, anastomosing channels, similar to those already 
described as existing in several outcrops in other localities. The 
section is terminated by about 10 feet of light-colored arenaceous 
limestones, with an alternation of purer calcareous and prevalently 
sandy seams.. These upper beds contain many fossils, Zaphrentis 
spinulosa, Lithostrotion proliferum, Syringopora ramulosa, various 
forms of Fenestella, Polypora, etc., Productus, Allorisma clavata, 
and Fish-teeth (Cladodus, Helodus). The higher levels of the slope 
are covered by. drift. A mile east from the shore, on the farm of 
Mr. Crawford, and on the adjoining lands forming the plateau of a 
lake terrace, a series of lime-rock ledges is uncovered, which appear 
to be the next higher strata to the section just described. The 
beds are light-colored, pure limestones, occasionally interstratified 
with a thin seam of sand rock; certain seams are full of hornstone 
concretions, while others are quite free of them. Fossils are also 
very unequally distributed, being rare in some of the layers, while 
others are crowded with silicified corals, Lithostrotion proliferum, 
and Lithostrotion mamillare, which are also found loose, strewn 
about the fields in immense numbers and beautifully preserved. 

The highest layers found on this plateau are brown, ferruginous, 
cellulose dolomites of a rough, earthy fracture, irregularly traversed 
by veins of quartz or calcspar. Further east, the rock ledges dis- 
appear under heavy drift masses. The purer ledges of the lime- 
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stone on Crawford’s farm have been used for lime-burning, but at 
present the kilns lie idle. The islands of Saginaw Bay, lying in 
front of Wild Fowl Bay, are all underlaid by this limestone forma- 
tion. On several of them, particularly on Mr. Heinzelman’s Island, 
quarries are opened which provide the cities along. Saginaw River 
with the necessary stone for foundation walls and like purposes, 
To supply a local demand, a portion is converted into lime. 


CHAPTER XY 
COAL MEASURES. 


IN regular order of succession, the carboniferous limestone for- 
mation is followed by a complex of sandstone and shale deposits 
with intermediate seams of coal, termed coal measures. 

This series occupies the central portion of the Lower Peninsula, 
and is supposed to cover about one fifth part of its entire surface ; 
but over its greater extent the formation is hidden by drift de- 
posits, and its limits on the north and west sides of the basin are 
rather taken for granted than known. The thickness of the formation 
could be ascertained in a few localities only ; it seems in Michigan not 
to exceed 300 feet, and is often less—a thickness which, compared 
with the development of the coal measures in our neighboring 
States, Ohio and Illinois, is very insignificant. In proportion 
to the thickness of the formation is also that of the inclosed . 
seams of coal, of which we generally find only one of sufficient 
thickness for mining enterprises, while our neighbors can boast of 
six or seven productive beds, besides a number of smaller interme- 
diate seams not taken into account. 

The approximate limits of the coal measures on the peninsula 
are within a line drawn from Sebawing, on Saginaw Bay, toward 
Holly, in the south part of Genesee County, and from there pro- 
longated in a southwesterly curve to Jackson. From Jackson the 
line goes west, passing a few miles north of Albion; it then strikes 
northwest, passing some distance east of Bellevue, to Hastings, 
whence, northward, the extent of the formation is only guessed at. 
The western edge of the coal measures is supposed to intersect the 
Detroit and Milwaukee Railroad line near Lowell, thence to go 
‘north, touching Big Rapids, and from there to run in a north- 
eastern curve, diagonally through Osceola County and the north- 
west corner of St. Clair County. The line does not seem to trans- 
gress the second correction line; it goes parallel with it along 
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the northern end of Gladwin County, from which point the forma- 
tion is again known through actual outcrops; it enters the north- 
west corner of Bay County, and extends in a southeast direction 
toward the mouth of Rifle River, striking the shore of Saginaw 
Bay. The rim of the formation is afew miles north of the Rifle 
River valley. 

The first discovery of coal in Michigan was made in the vicinity 
of Jackson, situated near the southern rim of the coal field. The 
formation is there, in various places, naturally exposed, and is | 
found, in digging cellars or wells within the city limits, under the 
cover of only a few feet of drift. 

A coarse-grained, whitish sandstone is the highest of the rock 
series. The east side of Grand River presents various bluffs of this 
sand rock, in the northern part of the city. Walker’s coal mine is _ 
located in one of these, and its lately erected buildings are closely 
attached to the vertical rock walls from which the material for their 
erection was quarried. A short distance south of the coal mines 
is the Michigan State Prison, which stands on the sand-rock ledges 
of the coal measures. Its walls are built of the same material, dug 
out from the spot, or from others in close proximity to it. 

This upper sand rock has an approximate thickness of 30 feet. 
By an undulation of the strata, some shale beds below the sand- 
stone come to the surface in the interval between the State Prison 
and Walker’s coal mine, but this is the greatest depth to which natu- 
ral sections go; the deeper beds are only known by artificial bor- 
ings, of which I will enumerate some, communicated to me by Mr. 
Walker, and by other parties. The shaft of Walker’s coal mine is 
54 feet deep, commencing in sand rock 26 feet, followed by shale 
beds with kidney-ore nodules, 17 feet; bituminous coal, 4 feet; 
fire-clay, 7 feet. Below the shaft an excavation to a further depth of 
30 feet went through nothing but shales and arenaceous rock 
seams. Total depth of excavation, 84 feet. 

Half a mile east of Walker’s mine is Porter and Hubert’s mine, 
the shaft of which, 64 feet deep, commences in drift 11 feet in 
thickness, followed by, 
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Fire-clay opened for several feet. 
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Mr. Walker records of a boring made a short ‘distance north of 
his coal mine, near the pottery works, the following series of rock 
beds in descending order: 


SS CHING IS ROTI A eens ee NESE REA Ra eee 2AO) ditt 
SMG MIE CLAY ciate eS ciahe sius)e Wie els enegniey aie Beret 
1ST Sh 6 B=) 017 em AS hells oreo NER nc areeee DAS 
TlarGs Gat SEONG, s eter mreleane rasta amen ee et anag Dra 
SOUGSreenishiohale. tey-reece wes tyra aes pay 
Sane roche Maan: ois nna ioe pe ny aa ee ens 6 in. 
Gripe SINGS talent, Baan haere can Sel teri olie cans ce ee De 
Sane Stone say Gram terete cee spac sine Saat ele oman 
SENAGISUSING ANGI SINAMISS so RS MRA a os Dae 
Bae SM alleys eral. co cesieitl a taee inncts: erage te Bote 
Grevy; Te CLAY ee erent 6 0s Cachet ak ceeg epee Seager 5 
SONG NUIGes Clavier ses een eae ees ish ene ae Toe 
Chierbyysamedstomerc: ews meron aie teers Bice 
PB levela shall © sonic. ire ie eaten al ue crcl atceia pa 
Goal nanan), cyan ete re cen legis at caer adios 8 in. 
Coalicoltea ry yc Uta tome abc, Con ere Mes re Ba Op i 
JeireClany, lollevel< BNNGI WHONESS os cdeada soos co Sina 
Grays CMentiO Che ance ues cingcah ro ean toe ae Dats Gist 
RCo CLA Ve teak SCR EU SON y yet 23s BCR Oat Oren 


iblackesitallesanc meneneam erie se ol ee se TO: Owe 
Brown shales wirtakidney tote uc ves. el nO) nee 
Jalal WyMCeGanNGISCOme, foo 5 50866 thn sa cess ALIEN 


Other test-borings made on the land of the Coal Mining Com- 
pany of Jackson, as recorded by Mr. Walker, are: 


No. I begins below the sand rock: 
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Carbonaceous shales, sand rock, and iron pyrites below. 
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Carbonaceous shales and sandstone as in No. 2. 


. 4, situated close to the State Prison ground: 
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Sand rock below. 


5, behind the chemical works: 
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g is a boring made on the west side of Grand River, in the hill- 


side opposite the coal-mine locality. 
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The shaft of the Woodville mine, 3 miles west of Jackson, inter- 
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This mine is now abandoned. 


We see, by a comparison of these sections, many minor differ- 
ences in the sequence and thicknesses of the strata, but a general 
conformity conspicuous throughout. The highest position is al- 
ways taken by a light-colored, coarse-grained sand rock of from 25 
to 30 feet in thickness ; below it, invariably, shales or alternations of 
sandy fire-clays with shales are found, in a maximum thickness of 40 
feet, but usually in much thinner beds. Next a bed of coal be- 
tween 3 and 4 feet in thickness follows in almost every one of the 
localities, and under it are arenaceous shales or sand rock. In the 
exposures at Jackson, the upper sandstone is frequently found 
_ in thick, tolerably compact beds, which are useful in supplying 
building-stones; other beds are thinly laminated, of irregular, 
discordant stratification, often soft and friable between the fingers. 
Between the harder solid ledges conglomeratic seams are fre- 
quently wedged in, or kidney ore and pyritous masses are dis- 
seminated ; locally the ledges are colored a dark chocolate 
brown by a ferruginous cement uniting the quartz granules. Oc- 
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casionally, also,a narrow coal seam can be observed, and vegetable 
remains, such as Calamites, are not uncommon. In an outcrop 
east of the Jackson Pottery the sand rock is locally bent into serpen- 
tine curves, as if the ledges had been corrugated by some force 
pushing sideways on them before they were fully indurated. The 
outcrop is capped by heavy masses of boulder drift and clay, and at 
the foot of the sand rock the clay pits of the pottery are opened. 

The shale beds below the sand rock are usually of a dark, blackish, 
silky, shining color, partly hard and slate-like, partly soft and very 
fissile. They contain a species of Lingula, and often also com- 
pressed shells of Lamellibranches, besides trunks of Stigmaria, Sig- 
illaria, and Lepidodendron transformed into iron pyrites. Nodules 
of kidney ore are abundantly intermingled with the shales. 
Interstratified with the latter there is frequently found a fine- 
grained, argillaceous sand rock, called fire-clay by the miners, in 
which trunks and leaves of Stigmaria are almost always plenti- 
fully inclosed. Some of the stems are found covered with leaves 
radiating in all directions, as if the apex of a branch had been im- 
mersed in the liquid clay paste without any disturbance or com- 
pression of the expanded leaves. The leaves are long and band- 
like, flat at the outer part, subcylindrical, clavate, and connected at 
the basal ends with the stems. 

The coal of the Jackson mines is bituminous, of a strong, resinous 
lustre, with delicate laminar striation parallel with the bedding. 
Split open in this direction, it presents a mottled structure; a part of 
the mass is a shining, amorphous bitumen; another part is porous, 
with the vegetable structure of charcoal. It breaks vertically with a 
smooth, shining cleavage, with nearly square angles. Compressed 
stems of Lepidodendron and Sigillaria can often be recognized in 
the mass, either transformed into bitumen or preserved bya mould 
of iron pyrites. A seam of iron pyrites is found almost invariably 
interstratified with the coal, but can be readily separated ; the re- 
mainder of the coal is not contaminated with an unusual propor- 
tion of the pyrites, still the quantity is large enough to render it 
unfit for blacksmith’s purposes. The iron pyrites of the mines 
can be sold to advantage for a price equal to that of the coal, to the 
sulphuric-acid manufactory at Jackson. The heat-producing quali- 
ties of the coal, for boiler use, etc., are excellent; it burns with a 
bright flame, leaving a small residuum of ashes. Its tendency 
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to bake in the furnace, renders a breaking up of the half-melted 
mass necessary to the securing of a sufficient draught. This is 
remedied by setting the bars of the grates wider apart than in 
those intended for the use of hard coal. By distillation at red heat, 
the coal gives off 44 per cent of volatile matter. 

The strata beneath the coal in some of the borings just recorded 
are found to be arenaceous shales and fire-clay, while in others the 
coal was directly underlaid by a sand rock. Prof. Winchell terms 
this sand rock, Parma sandstone, asserting that, in this position, a 
large body of sand rock is invariably deposited throughout the 
coal area of Michigan. Such regularity in the sequence of strata 
does not exist in the coal formation. The beds in it are usually of 
local extent, so that a position which in one place is occupied by 
a shale bed may ina neighboring locality be filled by a ledge of 
sand rock. The whole series is a constant alternation of shale and 
sandstone beds, and every natural or artificial section teaches us 
that an immense variety exists in this alternation. The deeper part 
of the formation incloses several heavy sand-rock beds, which in 
lithological characters are almost-alike, so that in the limited ex- 
posures presented to our view, the determination of the exact rela- 
tive positions of such beds. becomes practically impossible. In 
case we adopt this Parma sandstone, we will rarely have an oppor- 
tunity to identify it with any degree of certainty. 

Two miles west of the Woodville coal mine, we find on Sandstone 
Creek, close to the Michigan Central Railroad, another abandoned 
mine. The surface rock is a soft dark shale with concretions of 
kidney ore and iron pyrites, which latter often represent trunks of 
Stigmaria.. The coal seam, a little over 3 feet in thickness, had 
only this soft shale for a: roof. The mining therefore required too 
costly timbering, and was consequently abandoned. On the slop- 
ing hillside, north of the mine, at the foot of which the shales are 
well exposed in the creek bed, and at a higher level, a patch of sub- 
carboniferous limestone is found, apparently in undisturbed posi- 
tion; the top of the hill is formed by drift. This position of the 
strata is decidedly abnormal, and one or the other of the rocks 
must be dislocated; but every thing is so covered up by drift 
and sod, that it can not be told, from the visible surface expo- 
sures, which of the two is in its place and which dislocated. Nu- 
merous similar abnormal positions of the strata can be noticed 
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along the southern margin of the coal field. One of the localities 
has already been mentioned incidentally while describing the car- 
boniferous limestone of Portage River. At that place the coal 
measures lean in steeply inclined position against the slope of 
a hill, capped with the carboniferous limestone. East from the 
limestone quarries the shales of the coal measures inclose thick 
beds of plastic fire-clay, full of the stems of Stigmaria, and abound- 
ing in kidney-ore concretions. The Jackson Pottery draws large 
quantities of its clay from these diggings. The owner of the clay 
pits informs me that he bored with an auger through 50 or 60 
feet of soft shale and clay, and found no hard rock bed to resist 
its progress. 

In Spring Arbor township is another coal mine on Sandstone 
Creek, which, like the before-mentioned one, two miles further 
north, in the bed of the same creek, has only shales for a roof ; it 
was worked, however, at the time of my visit. Its coal seam is 3 
feet thick, and resembles the coal of the Jackson mines. The shales 
incumbent on the coal are about 30 feet thick. They contain 
numerous geodes of kidney ore and stems of Stigmaria transform- 
ed into iron pyrites. Below the coal, fora number of feet, shales 
continue, and then a heavy sand rock follows. Not many steps 
from the mine a well was drilled to the depth of 65 feet ; its lower 
part went through sand rock altogether, and at the depth mentioned 
a copious stream of good, drinkable water was struck, which rose 
to the surface, and has since continued to flow freely. 

North of Albion, the quarry of Mr. Fisk is indicated in Winchell’s 
geological report for 1861 as a typical exposure of his Parma 
sandstone. The sandstone is a whitish, coarse-grained, partly con- 
glomeratic, soft rock, similar to some layers of the sandstones of 
Jackson. Mr. Geiger, a well-borer, living in the immediate vicinity 
of the place, informs me that he bored’ through 19 feet of the sand 
rock, and struck a bed of good coal, 3 feet in thickness, underlying 
which were other sandstones. This coal seam would be unusual if 
the incumbent rock has really the position Mr. Winchell gives it; 
but from my own observations in the surrounding country, I am 
inclined to take the sand rock as the equivalent of Mr. Winchell’s 
Woodville sandstone. : 

North of Jackson County, in Eaton and Ingham counties, the 
presence of seams of coal has been ascertained through artesian 
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borings; but none appeared to be valuable enough to induce min- 
ing enterprises. At Mason, a mile south of the village, the upper 
coal sandstone is naturally exposed in the bed of the creek, and 
a thin coal seam has been lately discovered beneath it. In a drill 
hole sunk in the court-house yard of the village, thin seams of 
coal were likewise penetrated. 

Four miles north of Mason, a large mass of coal connected with 
shale and sandstone beds in stratified order, was found standing in 
almost vertical position in the surrounding drift ; the discoverers 
entertained great hopes of making their fortunes, and, indeed, 
succeeded in selling the place at a high price to a speculative 
genius, who, after I told him what he had bought, vanished from 
the place, leaving behind a good deal of money and some unpaid 
debts. In the mineral well of Mr. Frost, at Eaton Rapids, a seam 
of. coal was struck at a depth of 120 feet from the surface; the 
incumbent rock beds were alternating strata of shale and sand 
rock, amounting to 100 feet; the upper 20 feet were drift. 

In the banks of Grand River, two miles above Eaton Rapids, the 
upper sand rock of the coal measures projects in bluffs about 12 or 
15 feet in height ; the rock is of a darker bluish or ferruginous color 
than usual, and is interstratified with blue shales. It contains 
Calamites and other vegetable remains, and pyritous concretions. 

In the artesian borings at Lansing, no coal of appreciable thick- 
ness was found. Atthe rapids of Grand River, one mile and a half 
above Lansing, the upper coal sandstone makes an outcrop, and 
has been quarried on a small scale. Six miles south of Lansing, 
near the railroad from Eaton Rapids to Lansing, a bed of coal 8 
feet in thickness was said, some years ago, to have been discovered 
on the farm of Mr. Minie, but the report did not turn out to be 
COnrectz 

At Charlotte, in Eaton County, a boring was made to a depth 
of 730 feet. In this the sand rock of the coal measures was struck 
below a drift cover of 50 feet; some small seams of coal were 
found beneath the sandstone, but I was not able to find out the 
details of the boring record. The facts which I mention were 
communicated from memory by accidental observers of the boring. 

In the vicinity of Chester, Eaton County, the coal comes close to 
the surface and often crops out in the ravines of little Thornapple 
Creek. In one of these outcrops, .a coal seam of 3 feet comes out 
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under black shale beds, and is underlaid by light-colored shales, 
and fire-clay containing Stigmaria. Lately a number of experi- 
mental borings have been made in the vicinity of Chester. The 
coal formation is found considerably eroded and partially swept off 
during the drift period. The shales and inclosed coal seams are 
generally deprived of the protecting roof of sand rock and lie close 
under the drift, which is a very unfavorable condition for mining. 
The coal seams appear also to be often replaced by hard black 
bituminous shales. Of one of the borings at Chester, I received 
the following record: Drift, 8 feet ; hard black shales, slate-like, and 
inclosing thin seams of coal, from 6 to 8 feet ; whitish, fine-grained 
sand rock, containing Stigmaria, Lepidodendron and Calamites, 7 
feet ; whitish plastic fire-clay, 30 feet; black shales with pyrites, 30 
feet; white fireclay with hard, ieaieus bands, found at the 
pation of the bore-hole. 

The most instructive natural section ‘esieitie the coal formations 
which we have in the State, is seen at Grand Ledge, in the valley 
of Grand River, 10 miles below Lansing. The river has carved 
its bed there to a depth of about 60 feet below the general surface 
level of the country. The upper part of the hills bordering the 
valley is formed of drift; the lower presents a section through the 
rock beds of the coal measures. The village of Grand Ledge is 
located nearly in the centre of the outcrops, which continue up 
and down the river for about a mile. The strata rise and sink 
in undulations, which bring the higher and lower beds to repeated 
outcrops on the same level. The order of stratification, often 
visible in sections of large horizontal extent, gives a fair opportu- 
nity for observing the changes to which a stratum in its horizontal 
extension is often subject with regard to thickness and quality of 
material. The observed variability explains why, in the numerous 
sections seen within the limited space of a few miles, no one ex- 
actly corresponds with the other, although many of them represent 
about the same horizon. 

_ The upper part of the formation is a coarse-grained sand rock irom 
25 to 30 feet in thickness. In the locality where I saw it best ex- 
posed, the rock occupies one of the depressed curves of an undula- 
tion such as has been alluded to, and at both ends of the exposure 
lower rock strata come up alongside the upper beds on the same 
level. The sand-rock ledges form a compact body, with only insig- 
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nificant intermediate seams of shale, or with an occasional coal seam 
of a few inches thickness wedged in. Calamites and other vege- 
table imprints, besides concretions of kidney ore and of iron py- 
rites and conglomerate seams, are usually found inclosed within 
the rock mass. In grain and hardness, it fully resembles the upper 
sandstones of Jackson; its color, however, is a somewhat darker 
yellowish shade. Locally the rock becomes very hard and has a 
dark, chocolate-brown color from containing an abundance of ferrugi- 
nous cement; a part of this brown rock is coarsely conglomeratic. 
Next below this sand rock, which borders the river in vertical cliffs 
for nearly the length of a mile, we find blue shales of arenaceous 
character, interlaminated with thin layers of sand rock, all amount- 
ing to a thickness of about 15 or 20 feet. Under these is a coal 
seam 24 feet in thickness, and of very good bituminous quality. 
It wedges out in places or changes into a black, carbonaceous 
shale. This seam is worked at times by single workmen, as a tem- 
porary occupation when they have little else to do. The coal 
seam rests on a gray, argillaceous, laminated sand rock with 
softer shaly seams, which both inclose a large quantity of coaly 
vegetable remains, Lepidodendron, similar to Lepid. Wortheni, 
Stigmaria ficoides, trunks and leaves. The thickness of the 
beds is about 5 feet. Lower comes a fine-grained, whitish sand 
rock in even, compact beds, 8 feet in thickness. Directly under 
this sand rock is a 15-inch bed of good bituminous coal. Lowest 
in the outcrop are about 25 feet of additional strata, princi- 
pally sand-rock ledges, with some intermediate shale seams. In the 
bed of the river at this spot, large, hard sand-rock slabs, of very even 
bedding, and from 2 to 3 inches in thickness, are laid open, which 
would make excellent flagstones for paving sidewalks. The aggre- 
gate thickness of the given section is about go feet; it begins 
with the centre of the synclinal depression and is followed down- 
ward with the stream. Up stream a rise of the strata is seen, 
but the next lower strata to the upper sand-rock deposit are not 
uncovered as plainly as at the lower end of the depression. After 
passing a covered interval of about 60 steps, in going up stream, 
the following descending section is observed : 
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This section is directly continued by an artesian boring, made 
at the Mineral Spring Hotel, to a depth of 105 feet. The boring 
begins in the last-mentioned sand rock, which is found to be 20 feet 
thick; beneath follow 5 feet of fire-clay, then 40 feet of white sand 
rock, a seam of coal 16 inches thick, carbonaceous shales from 3 to 
4 feet, and lighter-colored shales 12 feet. At 80 feet below the sur- 
face a conglomeratic sand rock is struck, from which a copious 
stream of water rises to the surface. The sand rock continues to 
the depth of 105 feet, where another water-stream is struck. The 
water has an agreeable mineral taste. On the opposite side of the 
river, subsequent to this boring, another well was opened, which 
seems to be in subterranean connection with the well of the Mine- 
ral Spring Hotel, whose tube had to be shortened 2 feet in order 
to secure an overflow after the other well began to discharge its 
stream. 

A good section through the formation can be observed in the 
ravines of a creek entering Grand River from the south, a short 
distance west of the village, and another, in the bluffs just below it, 
and opposite the section last described. Highest in this latter, under 
a few feet of drift, are 15 feet of arenaceous shales with nodular 
seams of sand rock and kidney-ore concretions, and a band of car- 
bonaceous shale with seams of coal; beneath follow 8 feet of a fine- 
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grained, greenish-white sandstone in thick, even beds, identical with 
the sand rock found in the first section intermediate between the 
two coal seams. ‘This rock is quarried and worked into cut-stone, 
window and door sills; it is of fine quality, better than any of the 
coal-measure sand rocks I had seen before. The beds at one end 
of the quarry are much thicker than at the other, and seem to 
wedge out. . Under the quarry-stone a foot or two of arenaceous 
shales, laminated by black, coaly seams, follow, and then a coal 
bed 15 inches thick. The coal is of very good quality, even for 
blacksmiths’ use, and is occasionally obtained by working the quarry 
for its sand rock. The coal seam rests on bluish arenaceous shales, 
and, lower, beds of sand rock form the base of the bluff and the 
bed of the river. The banks of the river, at intervals for the 
distance of 8 miles, present more limited outcrops than those near 
Grand Ledge, but after that no more rock is denuded in the 
river-bed until Ionia township is reached, where, in Section 23, the 
upper sand rock of the coal measures comes to the surface, or is 
only covered by a thin coating of drift. The quality of this sand 
rock is superior to the equivalent beds at Grand Ledge or at Jack- 
son; it can be quarried in blocks of large dimension, and is of 
proper durability for building purposes. It has a reddish tint or 
is a variegated red and white. In the quarries I observed an 
interesting example of discordant stratification. The surface of 
a sand-rock ledge is seen deeply eroded by furrows and excava- 
tions as if it had been a long time exposed to the action of the 
atmosphere, and this eroded surface is coated with a smooth, argil- 
laceo-ferruginous cuticle. On this ledge another deposit of sand 
rock follows, which fills out all the inequalities of the lower bed. 
We must, therefore, suggest a temporary emergence of the lower 
stratum before the next ledge could be deposited over it. From 
Mr. Blanchard, of Ionia, I received the record of a boring in the 
vicinity of the quarries, made to a depth of 450 feet. It pene- 
trated in 
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Coal seam, thickness unknown. 
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The. deeper. strata were alternations of sand rock and shales. 
At 300 feet below the surface, a copious stream of sweet water was 
struck, which rises in constant flow to the surface, proving very re- 
freshing to the laborers of the quatry. 

West and north of Ionia, the coal formation disappears under the 
drift, and no other borings have been made in these directions by 
which we could ascertain the extent of its distribution as the surface 
rock. To encounter the coal formation again, we have to return 
eastward. In Ingham County, shale beds inclosing a coal seam come 
to the surface on Cedar River, near Williamston ; not far off from 
this exposure, a shaft has been sunk, and for several years past a 
mine has been in operation which produces a good quality of 
bituminous coal. The shaft commences in a drift-mass 15 feet 
thick; right under the drift a coal seam of 20 inches is found ; 
next to this is fire-clay with seams of sand rock, 12 feet; black shale, 
3 feet ; white, soft fire-clay, 3 feet; kidney ore, 6 inches; black, slate- 
like shales containing Lingula, Discina, Productus, and compressed 
Lamellibranches, 2 feet ; coal from 3 to 34 feet; fire-clay, 4 feet; the 
shaft extends about 12 feet below the coal. seam, through gray 
shales. A seam of pyrites is generally connected with the coal, but 
can be easily separated ; otherwise the coal is tolerably clear of py- 
rites. Specimens of Sigillaria and Lepidodedron are common in 
the pyritous seam. Besides the vertical shaft, a sloping gallery is 
driven to the bottom of the mine, in which the sequence of the rock 
strata can be studied most commodiously.. Mr. Rush, the agent of 
the coal mine, has explored the vicinity of Williamston for coal, 
and kindly gave me the results of his experiments, which I set 
down here. Ina boring 4 miles west of Williamston, close to the 
river, were found, 
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Half a mile south from the latter place a boring went 60 feet 
through drift, without reaching the older rock beds. 
A boring at the railroad depot of Williamston gave . 
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In a boring 200 yards north of the coal shaft, across the river, 
there were encountered, 
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Below, fire-clay and shales. 


North of the locality just mentioned were found : 
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and black slate and lighter shales to the depth of 60 feet in all 
below the surface. 

The above experiments show a uniform distribution of a coal 
seam about 3 feetin thickness over this whole district. Its position 
is often too superficial, without a proper roof, for advantageous 
mining. In nearly all the borings two seams of coal are found, of 
which the upper one is generally too narrow to be of practical 
value. The two seams are separated by from 15 to 20 feet of in- 
termediate beds. . 

The next disclosures of the coal measures we find on Shiawassee 
River, near Owosso, and Corunna, in both of which places coal mines 
-are opened. The shaft of the Owosso mine is close to the river, within 
the village limits. It begins in a blue shale with coaly, vegetable re- 
mains, under which a coal bed of 15 inches is found resting on fire- 
clay 6 feet in thickness; then another coal seam, likewise of 15 
inches, succeeds. The bottom part of the shaft, which is 4o feet 
deep, is formed by shales and fire-clay ; the fire-clay is partly of a 
hard, sandy nature, and contains numerous stems and leaves of 
Stigmaria ficoides. The coal is of a rich bituminous quality and 
tolerably free of sulphur, but the seams are too thin to be profit- 
ably mined. Several companies tried to work it, but gave it up 
after a short time, as not returning enough to cover the expense. 

At the Detroit and Milwaukee Railroad depot, a boring to the 
depth of 307 feet has been executed. Its record runs: 
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Shales to the bottom of the boring. 


The bottom of the Shiawassee valley, near Corunna, is all formed 
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of rock beds of the coal measures, where the erosions of the drift 
period have not destroyed them and filled their place with débris. 

The upper sand rock of the formation is in many places entirely 
swept away, and the shale beds below lie denuded at the surface. 
The two mines opened at Corunna, a mile or two east of the vil- 
lage, have begun their shafts in the shale beds; one of them, the 
more northerly situated, was abandoned at the time of my visit ; 
the other, located within a short semicircular bend of the river, 
was worked. In the oblique drift leading to the bottom of the 
mine, the following section is offered : 
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Black slaty shales, containing Lingula and Dis- 
cina, besides compressed Lamellibranches.. 6 “ 
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Arenaceous shales continue to the bottom, which is 80 feet below 
surface. The beds are found in the mine rising and sinking in un- 
dulations. The fire-clay seams are usually arenaceous and contain 
stems of Stigmaria. The shale beds contain lenticular concretions 
of kidney ore, in the non-decomposed condition of gray, amorphous 
carbonate of protoxide of iron; seams and nodules of iron pyrites 
are also found dispersed throughout the whole formation. In 
the coal seam the pyrites are concentrated into a band of a few 
inches in thickness. The coal is of bituminous quality, of the same 
character as the Jackson coal. Not far off, west from the mine, the 
shale formation is found covered by the upper coarse-grained sand 
rock inclosing stems of Calamites. The visible thickness of the rock 
is about 15 feet, but it is probably thicker if it could be seen better 
exposed. Other outcrops of the sandstone are to be found in the 
river bed 4 miles above Corunna. The coal measures are fre- 
quently noticed in the bed of the Shiawassee below Owosso, as far 
down as St. Charles. <A locality of particular interest is near the 
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mouth of Six-Mile Creek, 6 miles north of Owosso. In the bluffs of 
the Shiawassee River we observe the lower part formed of blue 
shales, with seams of sand rock and abundant concretions of kid- 
ney ore; the top is drift with a considerable intermixture of 
angular débris from the underlying strata. Under the shale, emerg- 
ing a few feet above the water and partly submerged, are layers 
of a black, shaly lime rock, visible in a thickness of 4 or 5 feet, 
containing numerous fossils, partly in calcified, partly in pyritous 
condition ; particularly observable is a large nodose Nautilus, de- 
scribed by Meek and Worthen under two different names, N. latus 
and N. Winslowi. A large Orthoceras is quite common, and other 
forms are Spirifer cumeratus, Productus nanus, a Spirigera, Cho- 
netes, Myalina, Platyceras, Bellerophon, Crinoid stems, and com- 
pressed specimens of a Zaphrentis. 

The same limestone is seen a quarter of a mile off in the 
bed of Six-Mile Creek; its ledges are there more even-bedded flag- 
stones, less shaly than those seen in the Shiawassee River. Close 
under the lime rock is a 15-inch bed of coal, quantities of which 
have been taken from the river bed when the water is very low. 
The coal reposes on a soft, plastic clay of greenish-white color, which 
incloses stems of Stigmaria and large, calcareous, nodular masses of 
cone-in-cone structure. Stems of Stigmaria are also found in the 
upper shales of the bluffs and in the geodes, when split open fronds 
of ferns are sometimes found, but their occurrence is rare. A few 
steps from the mouth of Six-Mile Creek, some parties made an 
experimental shaft about 30 feet deep, and from that point drilled 
to 100 feet below the surface. From the material thrown out of the 
shaft, I see that shales of various color, with seams of sand rock 
and conglomerate, besides an abundance of kidney ore, compose 
the surface layers as far as the shaft went. Mr. Ott, the owner of 
the land, informed me that four beds of coal, amounting in all to 
I1 feet, were found in the boring. He gave the same account 
to Prof. Winchell, who has described in his report for 1861 the de- 
tails communicated to him, to which record I refer the reader. 
The record in itself is somewhat doubtful, and the hesitation to 
take it as a true representation of facts is increased by the subse- 
quent acts of the discoverers of so rich coal deposits (11 feet 
within a vertical thickness of 20 feet of strata). Mr. Ott ends his 
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story by saying that the men, after they had reached the depth of 
100 feet, left the place at once, not to return again. 

The valley of Flint River cuts through the carboniferous series 
near Flushing, northwest of Flint. Two miles above Flushing the 
bed of the river is formed by a hard, fine-grained sand rock full of 
Stigmaria, stems, and leaves; several feet of it emerge above the 
water-line. Above follow about 4 feet of blue arenaceous shales, 
likewise with Stigmaria stems; next higher are 5 feet of dark shales 
containing kidney-ore concretions ; above them is black shale with 
thin seams of coal, amounting to about 3 feet in all. Greenish, 
micaceous sandstones 25 feet in thickness follow, above which 15 
feet of dark gray shales constitute the highest ledges of the sec- 
tion. The sand rock is in part thinly laminated with discordant strati- 
fication. Another part is in regular beds, varying from 18 inches to 
2.feet in thickness. The rock incloses fine specimens of Calamites 
and thin, coaly veins, besides numerous concretions of iron pyrites. 
It can be quarried in tolerably large blocks, and is used for cut-stone 
of a fair appearance. At the time the building contracts for the 
State House at Lansing were let out, this sand rock was offered to 
the building committee as a first-class material, by parties from 
Flushing. In consequence of this offer 1 was ordered by Gover- 
nor Baldwin to examine the quarries and the rock, which I did, 
reporting conscientiously, to the best of my knowledge, that I 
considered the rock of the Flushing quarries as of middling good 
quality, suitable for buildings of less weight than the State House 
was likely to have, but that, for an edifice of such dimensions, I did 
not think the rock had sufficient firmness. I expressed also my 
doubts in regard to its durability when exposed to the severe 
winter frosts. These views were not mere surmises, but were 
based upon the appearance of several buildings in Flint, in the 
construction of which the Flushing stone had been used. These 
buildings had then been standing about ten years, and I found their 
sills and water tablings so much damaged by exfoliation within 
that short time that I could not think of recommending the stone. 
I make this statement in justification of my report to the commit- 
tee, which roused against me the indignation of the Flushing 
quarrymen. I have no doubt their anger has passed off ere this, 
as, upon reflection, they must see that Fcould not honestly have 
acted otherwise than I did in the matter. 
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In Saginaw Bay district, thin coal seams were frequently found 
in boring for salt, and several experimental borings in search 
of coal were made in the district a good many years ago, but no 
sufficient inducements for coal-mining could be discovered. During 
the last few years the report of the discovery of rich beds of can- 
nel coal in the valley of Rifle River has caused great excitement, 
not only in Saginaw district, which is specially interested in such a 
discovery, but throughout the whole State. In order to ascertain 
the actual state of the case, I examined the Rifle River district 
with particular care, and give here a brief statement of the observa- 
tions made. 

The first explorations for coal on Rifle River were induced by 
some pieces of cannel coal found in the bed of the river by a 
settler living close by it. Some gentlemen of Bay City, hearing of 
the fact, began to examine the surroundings of the locality indi- 
cated to them, and after experimenting awhile, succeeded in’ 
finding, at a depth of only 18 feet below the surface, a deposit of 
black shales and cannel coal, the latter, according to their reports, 
having a thickness of 7 feet. They sunk a shaft to the depth 
of 27 feet; the upper 14 feet of the excavation were loose drift 
masses; under them, seemingly, a three-foot ledge of a hard, cal- 
careous sand rock was found; then came a hard black slate a few 
feet in thickness, the lower 7 feet in the shaft being thought to be 
all cannel coal. When I visited the spot, the shaft was full of 
water, and I could not ascertain the facts as accurately as would 
have been desirable; but from the examination of the material 
taken out of the shaft, which was all there yet with the exception 
of a few barrels of coal taken away, I came to the following con- 
clusions: That the sand rock next under the drift and above the 
black slate was not a ledge in its natural position, but a large 
boulder of the arenaceous beds of the lower horizon of the subcar- 
boniferous limestones, the same rock which forms the cliffs on Point 
aux Grees; that the remainder of the excavation went through a 
deposit of a black, highly bituminous slate, 10 feet in thickness. 
Three feet of, these slates were considered as such, and the rest were | 
taken for cannel coal; but I rather think the proportion is invert- 
ed. The true cannel coal in the promiscuous mass thrown out 
from the shaft was the smaller part of the whole, and even admitting 
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that the best pieces of the coal had been picked out from the 
heap before I saw it, the quantity taken away could be but 
very small in comparison with the slate masses left there. The 
transitions of the slate rock into cannel coal of good quality are rep- 
resented in all gradations; much of the slate is so rich in carbon, 
that it burns freely, but leaves so Jarge a proportion of ashes as 
to make it unfit for fuel. 

The seams of true cannel coal interstratified with the slates burn 
with a residue of a small quantity of pulverulent ashes. The slates 
contain numerous specimens of a small Lingula, and on several 
slabs I found clusters of fish-scales scattered over a space hav- 
ing the outlines of a small fish in decomposed, compressed condi- 
tion. After my first visit to the coal shaft, it was pumped out, 
was somewhat deepened, and a gallery was driven from its bot- 
tom 30 feet sideways. Some weeks later, when I visited the shaft 
again, I found it abandoned and filled with water, but from the 
additional rubbish thrown out, it can be seen that the black slate 
is underlaid by an arenaceous fire-clay inclosing stems and leaves 
of Stigmaria. 

The ‘position of the shaft ‘is in Town..19, R. 4, Sect.:3. In the 
same section two other experimental borings were made on the 
opposite side of the river. In one, sand rock was struck under a 
cover of 25 feet of drift; the boring went 20 feet into the sand 
rock, and was then interrupted, no signs of coal being found. The 
other boring, executed by Mr. Ortmann, of East Saginaw, was con- 
tinued to a depth of 190 feet. First came drift 21 feet, and then 
alternations of blue shales and sand rock; near the bottom a seam 
of iron pyrites was found, and under it black shales, but no coal. 

Another drill-hole, three quarters of a mile southeast of the above 
borings, sunk to a depth of 100 feet, struck sand rock and shale 
beds under a drift cover 60 feet in thickness, but found no signs of 
coal. Another boring to the depth of 100 feet, in Sect. 17 of the 
same town, went altogether through drift, without reaching the 
rock. Further east, on the lower part of Rifle River, Mr. Rams- 
dall made some experiments, in Town. 19, R. 5 east. He found drift, 
36 feet ; sandstone, 35 feet; blue shale, 34 feet ; pyritous rock, 2 feet ; 
blue shales, 14 feet, until, at 120 feet below the surface, the boring 
was given up. South from there, in Town. 19, R. 4, Sect. 10, he found, 
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Shales of various color, partly black, and a 4-foot bed of fire-clay 
were the rock beds next penetrated to the depth of 200 feet; at 
the bottom a dark gray hard rock was found—no coal. 

Another boring in the same town. had, at the time the record 
was given to me, reached a depth of 122 feet, and was still within 
the drift. Several other borings were made in the vicinity of Rifle 
River with no better success. 

A natural outcrop of the coal-bearing rock series is seen in the 
river bed, Town. 19, R. 4, east, Sect. 4, below a dam built across it. 
Highest is a yellowish, rather soft sand rock, from 10 to 12 feet 
in thickness, interstratified with some seams of dark bluish shale, and 
containing ferruginous concretions and vegetable remains (Cala- 
mites). Lower are from 2 to 3 feet of a shaly, micaceous sand rock, 
of irregular, discordant stratification, thinly laminated by interven- 
ing linear coaly seams, and with the strata frequently distorted 
into serpentine flexions. Next below are 15 inches of a dark blue 
arenaceous shale with kidney ore, its strata also flexured, or 
broken into a brecciated mass. The lowest visible beds are a white 
sand rock inclosing numerous water-worn, ferruginous pebbles and 
pieces of shale, besides thin, linear seams of coal. About 5 feet of it 
emerge from the water. Other outcrops are found further down 
the river. On Mr. Kinney’s farm, Town. 19, R. 5, east, Sect. 10, 
blue arenaceous shales, with some thick ledges of sand rock form- 
ing the top part, are all that can be seen. Still further down the 
river, within the village of Omer, the bed and its banks are formed 
of a white, soft sand rock of discordant stratification, interstrati- 
fied with some thin shale beds, and containing narrow veins of coal 
not over an inch in thickness. Toward the mouth of the river 
the formation disappears under drift deposits. While the explo- 
rations on Rifle River were going on, some boring experiments had 
also been made along the line of the Lansing and Saginaw Railroad, 
near Deep River, and near Standish, which were attended bya 
somewhat better success than most of the experiments on Rifle 
River. At Deep River station, Mr. Stephens sunk a drill-hole to a 
depth of 120 feet, and found, 
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Below the drift deposits a stream of sweet water was struck, 
which rises in a constant flow to the surface. From the material 
brought up by the sand pump, it is impossible to determine with 
accuracy the thickness and quality of acoal seam, which is found in 
connection with a coal-like slate rock, as in this boring. Mr. Ste- 
phens, the owner of the place, after obtaining so favorable indica- 
tions, determined to investigate the matter thoroughly by sinking 
a shaft down to the coal beds, and I am informed that the work is 
already in fair progress, which, if accomplished, will finally solve the 
question as to whether valuable coal beds can be expected within 
this district or not. It is to be hoped that of the 13 feet of black 
deposits found in the boring, 7 feet may turn out to be good can- 
nel coal, as the supposition is; but even a somewhat thinner seam 
would be a discovery of great importance for Saginaw district. 

At Standish, another boring for coal was in progress. When I 
was there, it had reached the depth of 129 feet ; it went through 
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Subsequently, as I am informed, a thicker coal seam was met with 
by a continuance of the boring. On Tittibawassee River, at Mr. 
Shattuck’s farm, 6 miles west of Saginaw City, explorations have 
been in progress for several years back, by which the presence of 
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a coal seam has been ascertained. Last fall they commenced to 
sink a shaft to the coal bed, but since then I have not heard how 
far the work has advanced. 

The coal fields of Michigan, supposed to cover a space of 8000 
square miles, are up to the present day of very inferior importance 
in the economy of the State. Only four mines are in actual opera- 
tion, and these are worked with but a small force of men. 

Searching for the causes of this neglect of apparently so great 
stores of wealth buried beneath our feet, we find one of them in the 
imperfect exposure of the rock beds, which, with the exception of 
those in a few limited districts, are all deeply covered by drift de- 
posits. This would be no serious impediment, if the coal seams 
were spread in a continuous sheet over the surface of a certain 
horizon ; we could then without much risk go down and uncover 
them ; but all coal deposits are confined originally to certain limit- 
ed basins, and if we consider that the coal series, as the youngest 
of the stratified rock beds found on the peninsula, has been with- 
out protection by later deposits, exposed to the vicissitudes of 
untold ages, we must expect to find a large proportion of the 
deposits destroyed and swept off; in particular, during the drift 
epoch, the coal formation mut have suffered immense destruc- 
tion from the moving glacier masses. The direct proof of this is 
furnished by the large quantity of débris of the coal measures 
mixed with the drift material ; but the drift action has not only de- 
stroyed a large proportion of the coal formation, but has at the 
same time filled up the eroded gaps with loose drift material, hid- 
ing the extent of destruction from observation, and thus rendering 
our mining operations always hazardous in a deeply drift-covered 
region, because we have no means whereby to know how much of 
the supposed underlying rock strata has escaped destruction. 

The same erosive forces have acted on the coal formation of Ohio, 
but there the valleys of erosion intersecting it have not been filled 
again with drift masses. The erosion has rather facilitated access to 
the coal beds, and laid the strata open for observation in natural 
sections miles in length. There success to miners’ enterprises is 
assured by the same revolutionary forces which have proved so det- 
rimental in the case of ours. Another reason for the small de- 
velopment of the coal-mining industry in Michigan is undeniably 
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the fact that we have no large stores of coal to invite the capitalist 
to invest his means in the trade. 

The best coal seam we have is not over 4 feet thick, while often 
the average thickness of a vein does not exceed 3 feet. We have 
discovered only one practically useful coal seam as far as the series 
is explored. This, however, does not explain why our already 
opened mines, in profitably workable beds, do not produce more coal 
through the employment of a greater force of men, when our de- 
mand for coal is so great that millions of dollars are yearly sent 
abroad for the article. It is not the lack of coal; our now known 
beds would supply fora long time to come all we want for consump- 
tion. One of the reasons for so largean import of foreign coal is in 
the quality of the home production; its highly bituminous quality 
and rather large percentage of pyritous admixture unfit it for cer- 
tain purposes, for iron smelting and for blacksmiths’ use, for in- 
stance, while for family use a highly bituminous coal is rendered 
objectionable by the large quantity of foetid smoke evolved through 
imperfect combustion. For gas production, the coal, otherwise 
very suitable, is little used on account of the inconvenience of puri- 
fying the gas from sulphur. 

As fuel for steam production, the Michigan coal can compete 
with any coal imported for that purpose, and is superior to 
many of them. The production of our mines is far behind the 
consumption of coal for steam generation... Let us hope, however, 
that the coal-mining industry of the State, as long as it offers an 
article equally useful and fully as cheap or cheaper than the article 
imported, will receive the patronage of our manufacturers to a 
greater extent than it has heretofore done. 

I have attempted, in the foregoing part of the report, to de- 
scribe the geological structure of the Lower Peninsula of Michigan 
as accurately as the conditions allow. 

From the statements made, we learn that the formations compos- 
ing it are exclusively of sedimentary origin, and the deposits all su- 
perimposed on each other in undisturbed horizontal or nearly hori- 
zontal position. In some parts of the continent where the strata 
are disposed with similar regularity, they are found deeply eroded, 
and the valleys and ravines carved through them present oppor- 
tunities for observing the rock beds, exposed in sections of large 
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vertical and horizontal extent, in which not only every stratum can 
be studied accurately in all its qualities and local peculiarities, but 
can also be clearly seen the relative positions which the superim- 
posed strata hold to each other. The strata of Michigan are doubt- 
less similarly eroded. The power and destructive action of these 
erosive forces are illustrated impressively by the ocean-like basins of 
the lakes surrounding us, which are their handiwork. Yet not 
only were all these wounds in the rocky skin of the earth healed in 
time through being filled up with débris carried from the destruction 
of other places, but a thick coating of the filling material was also 
spread over the levelled surface so as to hide from view even the 
scars. We are learning to comprehend what a great advantage this 
healing process was for man, who subsequently took possession of 
this portion of the globe, prepared for him and his welfare long, 
long years before the human race existed. 

This loose, porous mass of débris, in proper comminution to 
make a soil, and being composed of every variety of mineral sub- 
stance necessary for the sustenance of vegetable life, formed the des- 
tiny of this strip of land; it makes it an agricultural country. No 
great mineral wealth is hidden here under our feet which we could 
have reached through the gaps, so it were better they were closed 
and levelled, to enable us to harvest golden ears of wheat and corn 
from their surface, than that we should enter shadowy subterranean 
passages in search of gold, endangering our lives and without any 
certainty of success in the end. Still we are not entirely deprived of 
mineral wealth, which by many is thought an indispensable re- 
quisite for the household of a rich State. We have our modest 
share of coal, left as yet nearly untouched, but which, when ex- 
humed, will be fully adequate for the supply of our demand for 
home consumption. We have tapped stores of salt brine, reserved 
for our benefit in the sponge-like sand-rock beneath us in inex- 
haustible quantities, drawing enough for all domestic wants, for 
curing thousands of barrels of delicious fish, caught in the cool, 
crystal waters of our lakes, and sent far abroad as an article of com- 
merce, besides an immense surplus from which to provide our 
Western neighbors, in exchange for their coin. Then we have gyp- 
sum of snowy whiteness, laid open on the surface in quantities to last 
for generations to come for all the uses to which it is devoted. We 
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have stone, lime, and sand enough to build our edifices ; our grind- 
stones have acquired fame over all the country adjoining us. Can 
we claim more for our peninsula, whose principal pride it is to pro- 
duce the best wheat and the finest apples grown anywhere? If we 
had more, I fear it would demoralize us. But this is not all; we 
have our mining country set apart from this lower Arcadian land 
by a broad, intervening lake, where, to compensate for the scarcity 
of metal in the other part, nature has deposited its metallic 
treasures in an exuberance that challenges the competition of any 
other spot on the globe. Mountains of iron ore of the better kind 
are passed by unnoticed, because we find there plenty of it of a yet 
richer quality. Copper in malleable metallic condition lies there 
in blocks heavy enough to load down a three-master to a sinking 
condition, while, in finer granular condition, it is disseminated, 
in incredible quantities, through mighty sedimentary sand-rock 
masses and conglomerates forming a mountain range of over one 
hundred miles in length. Silver in pure metallic state is also found 
in no small quantity, and daily there are fresh discoveries of it. 
Nature has well equalized the division of its gifts. The broken, 
hilly character of the mineral district, and its northern climate, al- 
though rendering it healthy and pleasant as a place of habitation, 
do not recompense the farmer as well for his labor as they do the 
miner, and, therefore, all industrial efforts in this region are direct- 
ed to mining. The population of a district congenial for agricul- 
ture throws all its energy into the tillage of the land; another 
finds itself predestined for a manufacturing district by some 
natural advantages offered, such, for instance, as our lumbering 
districts. Each one of these will dispose of the surplus of its pro- 
ducts to the other in exchange for its surplus; and only by such a 
division of occupation and interests, in accordance with external 
climatic and geological conditions, can the necessary life and circu- 
lation come into the social organism, and secure its healthy and 
durable existence. It would not add to our prosperity if all the 
natural advantages possessed by a single part of the State were 
to be equally distributed over the whole. The two peninsulas, 
united into a twin’State, form the happiest union that could be 
made; both have their great advantages—one upholds the other; 
but if I were asked to say, which is the best, my choice would fall 
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upon the lower. As an agricultural district, it is absolutely self- 
sustaining, if we moderate our claims to the necessities of life. A 
mining district without agriculture, if yet full of gold, would let 
its inhabitants starve to death, if the agriculturist did not come 
to their relief. 

When it became my duty to investigate the Lower Peninsula, I 

was already informed of the general facts concerning its structure, 
and I felt somewhat uneasy when I thought that I had no prospect 
of discovering any great mineral wealth within it, because I] knew 
‘that there is a general feeling that the geologist should make 
numerous new discoveries, and report at length about the details of 
the rock formations, etc. I believe that I have done conscien- 
tiously all that could be done under given circumstances, but I 
have had to be more brief in the description of many things than 
was my wish, for the simple reason that I had not the opportunities 
to make more extended observations, on account of the very 
unfavorable and restricted exposures of the rock beds, which, as 
already explained, are in the greatest part of their extension cover- 
ed by an unbroken mantle of drift masses.. Perhaps I could have 
entertained the reader a little better by giving hypothetical 
speculations on things which could not be seen; but this would 
have been in opposition to my principle, which is to give facts 
only, as a guidance for the enterprises of explorers, and for the 
student of the earth’s history. 
- The benefit to the commonwealth of a geological investiga- 
tion consists not only in adding discoveries of new stores of min- 
erals to those already known, but to a much greater extent, I think, 
in causing to be fairly understood the uselessness of explorations 
for certain minerals in places where they do not exist. Thousands 
and thousands of dollars have been spent in this way, which could 
have been saved to their owners, if they had had a clear comprehen- 
sion of the structure of the earth’s crust which they explored, or 
had asked advice of some one better informed than themselves, 
before they commenced their work; and in such sense, I know 
that the contributions to knowledge which I have made in this 
report will return to the State an ample equivalent for the ex- 
pense of the investigation. | 

As an appendix to the foregoing report, exclusively devoted to 
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the description of the Lower Peninsula, is added the report of Dr. 
Garrigues on salt production in Michigan. Two other special 
reports, on the roofing slates of Huron Bay, and on the silver- 
bearing rocks of the Ontonagon district, give the results of a short 
journey to the Upper Peninsula which I made by special order of 
the Geological Board. 
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OBSERVATIONS MADE ON A CURSORY TOUR THROUGH 
THE ONTONAGON SILVER MINING DISTRICT. 


THE discovery of silver in the sedimentary rock beds of Iron 
River, in Ontonagon County, has recently attracted considerable 
attention on the part of miners and capitalists. 

On my return from the examination of the Huron slate quarries, 
of which the report is given elsewhere, some gentlemen of Mar- 
quette, interested in the new mining district, asked me to go along 
with them and examine into the conditions under which the silver is 
’ found, which invitation I gladly accepted. In the first report on 
the Upper Peninsula, little has been said about the region in 
question, and at the time of its issue the discovery of silver had 
not yet been made, for which reason I think that the small contri- 
bution which I can add to our knowledge of this mining country 
will be welcome to those interested in its geology and in the de- 
velopment/of its mineral resources. Ontonagon district has the 
same geological structure as the northeasterly part of Kewenaw 
peninsula, of which it is a direct continuation. 

A ridge of copper trap, with a strike from northeast to south- 
west, and with a northern dip, divides it into an east and west 
part. The east part is a mountainous plateau with marshy flats,, 
from which Ontonagon River collects its waters through branches, 
one of which is fed by a large inland lake, the Gogebic Lake. 

After winding its way for a while along the foot of the ridge, and 
having united with its affluents from the south and north, the 
Ontonagon breaks transversely through the trap range and hastens 
in a direct northwestern course down the western slope to the 
lake. 

The surface rock of this east side of the central trap range is 
the red Lake Superior sandstone inconformably abutting against or 
overlapping the trap rock, with horizontally disposed layers. 
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On the western slope of the ridge we find the trap rock overlaid 
by a heavy series of sand rock, conglomerate, and slate deposits, 
resting conformably on the trap, and participating in its upheavals. 
The age of these beds is intermediate between the trap and the 
horizontal sandstone deposits ; but between all three of the indicated 
groups so great lithological affinities exist, that it is most natural to 
consider them as the consecutive products of one and the same 
epoch, in the commencement of which the just-formed strata were 
displaced by volcanic action, which subsided toward the end and 
left the last deposits undisturbed. 

The trappean series is not clearly definable from the conformably 
incumbent higher beds which form the western slope of the range. 
The crystalline or amygdaloid trap seams are underlaid by conglo- 
merates and .by ripple-marked brown sandstones which are abso- 
lutely undistinguishable by lithological characters from similar rock 
beds found deposited above the trap, and the only way in which 
the two horizons can be distinguished is by observation of their 
relative positions to the underlying or incumbent strata of a certain 
well-marked lithological character. 

The absence of all trappean rocks aistimeatiehies the upper divi- 
sion from the lower, in which a constant alternation of trap with 
the sedimentary beds is observed. 

The lately discovered silver-bearing rocks are sedimentary strata 
inclosed within the more recent non-trappiferous division, which con- 
formably leans with itsuplifted beds against the higher trappean hill 
range, forming a sloping belt of lower hills between the higher range 
and the lake. 

In the north part of Kewenaw peninsula, this shore belt is form- 
ed by sandstones very little affected by the upheavals, and litho- 
logically very similar tothe horizontal sand-rock beds on the east 
side; they seem to be somewhat younger than those forming the 
belt at the foot of the Ontonagon range, and are, as far as known, 
not metalliferous. 

In the interval between the mouth of Ontonagon River and the 
Porcupine Mountain spur, this rock series under consideration is of 
somewhat different lithological character; its beds are considerably 
dislocated by upheavals, and certain seams of the formation are rich 
in metallic silver, while others are so in metallic copper. 

The thickness of this rock series in Ontonagon district is very 
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great, amounting to at least 3000 or 4000 feet. The higher beds are 
prevalently of a dark grayish or greenish color, of argillaceous and 
arenaceous composition, and of rather fine-grained slaty or flaggy 
structure; the lower are prevalently brown-colored sand rocks and 
conglomerate. The metalliferous seams are above the brown sand- 
rock and below the gray slaty upper division, and have a much wider 
distribution than at first was supposed. The metal-bearing beds 
have actually been found by explorers, from Ontonagon River for 
30 miles westward, in every locality where denudations of the rock 
beds could be seen; and beyond all doubt the existence of the 
metalliferous beds is not confined to this narrow district. On the 
other hand, it is not to be expected that the beds are everywhere 
charged with the metal in quantities which would pay for mining 
it: some spots may be found unusually rich, others where the 
same strata are barren of metal. 

The silver and the copper are generally found in two separate 
seams which are only a few feet apart. The lowest seam is charged 
with scales and granules of metallic silver. In the upper seam 
the copper is found in similar fine scaly particles and granules, but 
in much greater quantities than the silver. The silver was first dis- 
covered in the rock beds exposed on Little Iron River, at the loca- 
tion of the Scranton mine; and, subsequently, in the valley of Big 
Iron River, the same strata were discovered either in natural out- 
crops or through test-pits, so that now a half dozen mining com- 
panies are located along Iron River valley, within the distance of a 
few miles. 

The general direction in the dip and strike of the strata is con- 
formable with the strike and dip of the copper range, from north- 
east to southwest, with northwestern dip; but this direction is 
only ideal, deducible from the geographical extension of the rock 
belts, while in actual field observation we find the strata dipping and 
striking in so many directions, that every locality is governed by its 
own rules. We find the rock bent in short curves, in synclinal or anti- 
clinal position, or that abrupt breaks in the continuity of the strata 
cause considerable complications in the reciprocal position of the 
layers. In examining the bed of Iron River for two miles upward 
from its mouth, the strike and dip of the strata were found changing 
continually, so that for a while, in ascending the river bed, we actual- 
ly descended into lower and lower strata, and then, in the further 


156 LOWER PENINSULA. 


progress upward, began to-rise from the lower beds to the higher, 
and this several times repeated. 

At the mouth of Iron River, brownish, thin-bedded, sand-rock 
layers with intermediate shaly seams are seen in the banks, with 
an approximate strike northwest and a northwest dip. A short 
distance up the river runs in rapids over rocky bars, obliquely 
crossing its bed, which are lower strata than those at the entrance ; 
their strike is about 15° north of west, with a dip east of north 
at an angle of about 20°. Ascending in the river channel, we 
pass over the edges of constantly lower and lower strata; these 
lower beds are dark bluish or blackish gray slaty layers of a 
fine-grained, sandy and argillaceous rock with fine micaceous 
scales; the surfaces of the thin slabs are ripple-marked. With 
the ascent the dip and strike of the strata constantly change. At 
a no greater distance than 150 steps above the former place 
where strike and dip were measured, the strike had changed to be 
south of west with a dip south of east. The strata here are still 
lower, thinly laminated flagstones containing some calcareous ce- 
ment, but of the same dark, arenaceous, slate-like rock mass as the 
higher beds. The dark rock contains globules of calcareous concre- 
tions, and seams of softer shaly structure alternate with the ripple- 
marked harder slabs. Weathering slaty pieces are covered with a 
green efflorescence of carbonate of copper oxide. We have arrived 
now at the foot of low, stair-like falls, where, by a bend of the 
river, across the strike and with the dip of the strata, which latter 
is here south of east, instead of descending further in the series as 
we were doing, we ascend, step by step, into higher beds, simi- — 
lar in character to those seen before. 

By another flexion of the river bed, it comes parallel with the 
strike of the strata, and without ascending or descending in the 
series, we move up its course, remaining on the same horizon ; but 
soon, by another bend, a descent into lower beds, while still ascend- 
ing the river, begins. The stamp works of the Ontonagon Mining 
Company are now in sight; the strike of the strata approaches 
gradually an almost due east and west direction, with a dip north- 
ward at a steep angle, and still, while ascending the river, we stead- 
ily descend upon lower beds. The rock below the stamp mill is in 
thicker, much more massive beds than seen before. Some seams 
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approach also to the structure of ordinary sand rock, but the gene- 
ral character of the rock material has not changed much. 

The sum of the thickness of thé rock series passed over between 
the mouth of the river and the stamp mill, which is two miles up, 
can not be much less than 1500 or 2000 feet. 

Under the more thick-bedded, argillaceo-arenaceous rocks men- 
tioned, follow thinly laminated, blue, shaly layers, and then a bed, 
or several beds, of a rather coarse-grained, grayish sand rock, hard- 
ened by an abundant admixture of calcareous cement, and inter- 
laminated by thin flexuose seams of a shining black shaly sub- 
stance. This latter is the szlver-bearing rock, varying from about 
iW Loot tors and Se feet in thickness.— Purther wp the river the 
strata retain the same direction, and in descending order, below 
the silver-bearing sand rock, we find at once a change in both 
the color and composition of the rock; we go through a series of 
brown sandstones and coarse conglomerate beds, of very great thick- 
ness, which seem to be directly followed by the trappean rock se- : 
ries. The miner has in this brown sand rock an infallible indica- 
tion that he is below the silver-bearing beds; thus, when he sees 
in an outcrop the dark bluish slate-like beds and the brown sand 
rock coming in close contact, he knows that the silver-bearing rock 
band must be found between. The silver is contained in the sand 
rock in thin leaflets and granules, in pure metallic condition; the 
black shaly seams covering the surface of the ledges are generally 
richest in metal. Narrow fissures in the sandstone are also some- 
times filled out with paper-thin sheets of silver, and the small druse 
cavities are lined with a film of it. Remarkable is the occurrence of 
rock oil in some of these druse cavities. In the sand rock contain- 
ing the silver, thin seams and granular specks of vitreous copper ore 
are usually found interspersed ; the miners consider them as sul- 
phuret of silver, but I examined the ore and found it composed 
of copper alone with no silver. 

_ By repeated synclinal or anticlinal curves in which the strata are 
bent, in various localities higher up the river, either higher or 
lower beds are brought to the surface. The silver-bearing bed is 
found again a mile south of the stamp mill, on the properties of the 
‘Cleveland and Collins Mining Companies, which join each other; 
also in Little Iron River. At the Scranton mine the ore is found 
under the same conditions, always resting on a foot wall of brown 
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sand rock or conglomerate, and with a hanging wall of blue slaty 
rock. 

A very interesting fault in thesstrata is observable in the river 
bed, about fifty steps up stream from the Collins mine. 

At the mine the silver-bearing bed strikes diagonally across the 
river, 25° east of north, with a dip south of east. An abrupt 
break interrupts the strata then, and a belt of almost vertical 
ledges of brown conglomeratic sandstones crosses the river bed ina 
‘direction 25° south of west, with a dip northwestward, and on 
the other side of this belt similar conglomeratic sand-rock ledges 
come in contiguity to it, which strike in the direction of northwest 
and dip northeast with moderate inclination. In the bed of Miner- 
al River, east of Iron River, entirely similar exposures are observed. 
A seam of sandy rock beds, which contain sometimes immense 
quantities of fine scaly or granular metallic copper, is found quite 
as uniformly distributed as the silver-bearing seam. It is found 
only 6 or 8 feet above the argentiferous beds. 

The Nonesuch mine is opened in these cupriferous beds ; its 
situation isin Town. 50, R. 43,Secs.1and 12. The strike of the for- 
mation is there 50° east of north, dip south of east, at an angle of 
30°. The hanging wall of the mine is formed by blue arenaceous 
slates seen in a thickness of several hundred feet, exposed in the 
bed of the creek. The ore bed is an argillaceous and partly con- 
glomeratic, greenish-gray sand rock, densely crowded with fine 
copper scales or coarser granules of that metal. Its thickness 
is about 8 feet. Some few feet below the ore bed, which is natu- 
rally exposed in the creek, another sand-rock seam is noticed which 
can be identified with the argentiferous sand-rock seams of the 
mines in Iron River. 

The same superposition of the two ore beds I have noticed in the 
bed of Mineral River. At the base of the ore beds of the Nonesuch 
location, the brown sand rock and conglomerate beds are well de- 
nuded in the bed of the creek, in descending toward the stamp 
works of the mine. 

The proportion of metallic copper mixed with this sand rock is 
very great, fully as great as in the best picked specimens of the Cal- 
umet and Heckla conglomerate, but the finely comminuted condi- 
tion of the copper causes a great loss in the stamping and washing 
of the rock. 
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In Union River, a short distance west of Little Iron River, at the 
foot of the Porcupine Mountains, brown sand rock and conglom- 
erate ledges of great thickness are uncovered in the bed of the 
creek, dipping at an angle of from 20° to 30° in a northeast direc- 
tion. 

The beds can be directly followed in descending series by going 
up stream toward Union mine, where they are seen in conformable 
superposition on the amygdaloid trap belt in which Union mine is 
opened. Under the amygdaloid belt other conglomerates and 
sand-rock strata are found, which can not be distinguished in litho- 
logical characters from the upper beds. A natural exposure of the 
two sand-rock belts with the amygdaloid rock between is seen in a 
ravine close to the side of the road leading from Union mine to the 
Nonesuch mine. The foot-wall sand rock of the Nonesuch mine 
seems to be the analogue to the hanging wall of the Union mine. 
On the west side of the Porcupine Mountains, the shore belt has 
the same geological structure as the Iron River district, and in all 
probability the silver-bearing rock seams can be found there also. 

The silver is extracted from the rock by stamping all the rock 
as it comes from the ledge, without selection, and subjecting the 
stamped rock to the amalgamation process. The results of the ex- 
periments were quite variable, yielding, per ton of rock, from fifteen 
to fifty dollars’ worth of metallic silver. The process of amalgama- 
tion was very imperfectly carried out, leaving in the sediments which 
settled from the wash-water a considerable proportion of amalgam 
globules. I am fully convinced, therefore, that, by proper manage- 
ment of the process, the average quantity of silver per ton would 
not be less than thirty dollars. The silver seems not to be confined 
to certain localities, but to havea wide horizontal distribution in this 
rock seam ; still it would be unreasonable to expect that in every 
locality where these rock beds are found, they should contain silver 
in quantities to make mining remunerative. 


REPORT ON THE SLATE QUARRIES OF HURON BAY. 


By special order of the Board of Geological Survey, I left on 
August 23d, 1875, for Lake Superior district to examine the slate 
. quarries on Huron Bay, with a view to reporting on the conditions 
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under which the slate rock is found, and upon the quality of the 
rock as a roofing material. I spent in all two weeks on the excur- 
sion; therefore it can not be expected that I will give an exhaus- 
tive report on the complicated geological structure of this country, 
full as it is of upheavals. Yet I will endeavor to make a general 
statement covering all important facts connected with the distribu- 
tion and qualities of this valuable rock species. 

Let me here acknowledge the kind assistance received on this 
occasion from Mr. S. C. Smith, a gentleman favorably known for 
a great many years back as one of the most successful explorers of 
the Lake Superior country. He accompanied me on the excur- 
sion, and, aided by his minute acquaintance with the district, in 
which he had spent the whole previous season in explorations, I 
was enabled to see, during the short time at my disposal, nearly 
all the more important outcrops dispersed throughout its dense 
forests. 

Glancing over the geological map of the Lake Superior district, 
issued with the report of 1873 on the Northern Peninsula, we see 
' the area of the Huron mountains, which attain an elevation of about 
1200 feet above the lake, represented as composed of the Lauren- 
tian rock series, mainly crystalline, granitic and dioritic, massive, or 
with obscurely stratified structure. 

On its northern margin, at the foot of the mountains, which 
reach close up to the shore, this granitic rock series is surrounded 
by a narrow belt of horizontal strata of the Lake Superior sand- 
stone, inconformably abutting against it. Southward, nearly reach- 
ing up to the highest crest of the mountain range, the Huronian 
rock series leans inconformably against it, with its uplifted beds, 
alternating between Slate rock, Quartzites, Diorites, and Jaspery 
strata, interstratified with heavy seams of iron ore in the form of 
magnetite, or as a red or brown iron oxide. These latter two are 
designated by the miners as red and brown hematite. 

The western and northwestern slope of the granitic knot is sur- 
rounded by slates which belong likewise to the Huronian series, 
but differ from the slates of the Marquette district. It is not as yet 
clearly ascertained what position this slate occupies relative to the 
iron-bearing series. 

The slate rock extends, at the head of the Bay of L’Anse, close 
to the shore, the outer edge of the shore line being formed by hor- » 
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izontal ledges of the Lake Superior sandstone, in plainly visible 
inconformable superposition on the uplifted edges of the slate rock. 
Mr. Hurley, of Marquette, during last summer, opened a quarry 
in this sand rock, and, as I am informed, found a very good mar- 
ketable stone equal to the Marquette brown stones. In the slate 
exposures along the shore, we can see the strata frequently flexured 
in a series of synclinal and anticlinal axes. The slate is in shatter- 
ed condition, with cleavage planes intersecting the lines of stratifi- 
cation at various angles; its color is a light green or bright red, or 
variegated. Hard and soft seams frequently alternate; it is not 
durable, nor does it split regularly, and can not therefore be used 
as a roofing slate. At intervals, belts of a metamorphic rock, inter- 
mediate in structure between a very compact glassy sandstone and 
a Diorite, are intercalated between the slate layers. Some of these 
belts are massive, like an intrusive volcanic rock, while others are 
distinctly bedded and alternate with thinner seams of slate rock. 
In places the tough, hard rock is rotten on the surface, and, when 
such is the case, lumps can be taken and crushed into sand by a 
mere pressure of the hand. 

The thickness of the shale rock in the exposure can not well be 
estimated, as the strata repeat themselves several times on account 
of their synclinal and anticlinal position ; but the rock is so much 
alike in its totality, that an identification of the corresponding 
strata on opposite sides of the axes of elevation can rarely be 
made. In one of the synclinal crevices, I noticed an interesting 
case of the filling up of the gap by horizontal layers of sandstone. 

The bed of a creek which descends in a series of rapids, from the 
northern slope of the Huron mountains to the head of L’Anse 
Bay, presents a splendid section through at least 1000 feet of 
slate rock, with an approximate strike from northwest to south- 
east, and a southern dip. This slate is of darker color and more 
compact than the slate in the shore exposure, but is not at all 
suited for roofing purposes. Contact of the slates with the granitic 
rocks cropping out at the summit of this slope is not seen. Deep 
drift masses, mixed with slate and granitic blocks, occupy a large 
space between them. 

The slate rock suitable for roofing is found on the northwest 
side of the Huron mountain range, in the vicinity of Huron Bay. 
A fine road 15 miles in length has been made from L’Anse to 
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the slate quarries, which are about 3 miles south of Huron Bay, in 
Town. 51, R. 31, Sect. 28. From the Methodist Mission on the 
shore of L’Anse Bay, the road goes directly east, and for several 
milesalong the surface rock is the horizontally stratified red sand- 
stone which covers the entire land-spur between Huron and L’Anse 
Bays, with the exception ofa knoll of so-called trap rock protruding 
on the west side of the head of the bay like an island. 

Near the big bend of Silver Creek, where it changes its course 
from west to northeast, the road makes a steep descent and crosses 
the stream. The slate formation is here well uncovered; the strata 
are steeply inclined, dipping south, with a strike from northwest to 
southeast, showing, however, greater or less local variations in di- 
rection through tortuous plications on a large scale, or through 
minor zigzag corrugations, which frequently occur. 

The slates exposed at this locality are of a blackish color, hard, 
silicious, and with irregular, uneven cleavage, unfitting them for 
roofing purposes; frequent seams of a compact, hard quartzose, 
hornblendic and feldspathic rock, in grain resembling a metamor- 
phosed sandstone, alternate with the slates. Its color is either a 
greenish black or a light grayish shade. The road intersects the 
strike of the strata almost rectangularly, presenting, in its further 
progress, belts of slates several hundreds of feet in thickness, alter- 
nating with the hard quartzose rock generally designated by the 
name of trap, all retaining the same general strike and dipping 
direction. 

We pitched our camp in the northeast corner of Sect. 25, of Town. 
51, R. 32. The exposures of the slate rock at the bridge across 
Silver Creek are in Sect. 27, of the same town. Northeast from our 
camping-ground, in Sect. 19, of Town. 51, R. 31, after crossing 
over continued slate beds, with southern dip and the general north- 
west and southeast strike, we came to a high hill composed of a 
belt of hard, blackish-colored trap rock, about 500 feet in width, of 
obsoletely stratified structure, with rhomboidal cleavage cracks, and 
much resembling a basaltic igneous rock mass. On the other side 
of the crest of this hill the slate rock is met again with the same dip 
and strike as before. The slate is here more evenly laminated, but 
not of a quality that can be used for roofing. 

The direct distance from our camping-place to the location of 
the slate quarries was three miles. In going there we had to inter- 
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sect obliquely the strike of the strata, which is over all this space in 
the general northwest and southeast direction, with a southern dip, 
without a change of the direction which would cause a repetition. 
The thickness of the slate deposits must, consequently, be enor- 
mously great. In Section. 30, after crossing two creeks running 
parallel with the strike of the strata, we came upon a belt of trap 
rock protruding as an abrupt hill range above the surrounding 
slate. This possibly may be the direct continuation of the trap 
range we found the day before, in Sect. 19, or, perhaps, a distinct 
belt, of which there seem to be many intercalated with the slate 
formation. 

In Section 28 we enter the valley of another creek, along which — 
the slate quarries are located. No change in the strike and dip of 
the strata is observed. The useful slate rock is a seam of the im- 
mense series already transgressed, differing from the rest only in 
possessing a more regularly laminated character. It is susceptible 
of being split into large, even slabs of any desired thickness, with 
a fine, silky, homogeneous grain, and combines durability and 
toughness with smoothness. Its color isan agreeable black, and 
very uniform. Several companies have located their quarries along 
the creek which runs parallel with the strike of the strata, and a 
tram-road about 34 miles in length has been built down to the bay, 
where a dock is erected for the unloading of vessels and for con- 
venient shipment of the slate. 

I followed the exposures of the slate rock, which, however, are 
not all of the better quality, along the section lines of 28, 27, 26, and 
25. Not farfrom there, in the next township, Range 30, Mr. Hurley 
has commenced to work a quarry, which so far furnishes a product 
fully equal in quality to that of the other quarries. On the town 
line between Secs. 24 and 25, I found another belt of trap protrud- 
ing as an abrupt hill above the surrounding country. Its strike is 
nearly east and west, its dip south, and on both sides are slates of 
conformable strike and dip. The trap belt is about 60 feet wide, a 
dark hornblende rock, with quartz and chlorite veins, and divided 
into rhomboidal blocks by cleavage cracks, altogether resembling 
rather an intrusive mass than a sedimentary layer. 

Along the tram-road, toward the bay, after intersecting a series 
of roofing slates, a dark belt of trap rock of about 100 feet thick 
ness is crossed. Following this is a belt of white quartzite about 
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200 feet wide, succeeding to which are other slates of the inferior 
unmarketable quality. All these strata are conformable in strike 
and dip. Near the bay the horizontal sand-rock ledges are again 
encountered. 

In the quarry of the Huron Bay Slate Company, the slate dips 
south, at an angle of from 45° to 60°. Three cleavage plains in- 
tersect the slate and divide it into rhombical blocks. The princi- 
‘pal cleavage, with which alone it can be split into roofing slabs, is 
identical with the plane of stratification. 

By another cleavage, intersecting the slates in horizontal direc- 
tion, the walls of the quarry appear as if composed of a sequence of 
thick horizontal beds. 

The rock mass here is frequently cleft by narrow, vertical fissures, 
which are filled out with different mineral substances essentially 
distinct in genetic character. 


< 
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lar, somewhat tortuous form, in some places wide, in others nar- 
row, and more than once divided into two branches, which subse- 
quently unite, is filled with a compact, dark, greenish-colored 
rock mass, of amorphous or finely crystalline fracture, and inter- 
spersed with acicular sparry crystals, together with granular crys- 
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tals of pyrites and some leaflets of a shining brown mica. This 
mass is most intimately united with the slate wall on both 
sides, and has all the appearance of an injected igneous body. 
Near the surface the fissure is wider, and the inclosed rock sub- 
stance spreads laterally over the immediately surrounding surface. 
‘The greatest width of the vein is perhaps a foot, but it shrinks in 
places to not more than half an inch. 

Another class of fissures, which are of more frequent occurrence, 
are filled with milk-white quartz, mixed with calcspar and iron 
pyrites crystals. These are rarely over an inch wide, and the mat- 
ter filling them is evidently deposited there from aqueous solutions 
percolating through the fissures. In some of them, the walls are 
straight and smooth; in others the slate has broken through in zig- 
zag lines, with strongly indented, saw-like edges, often slightly dis- 
located so as to bring the teeth and indentations in opposition. 


The process of quarrying the slate is attended with great waste, 
which is to some extent unavoidable. The slate is often unfavora- 
bly cleft, and the uplifted layers are sometimes curved or warped 
to such a degree as to make them unfit for roofing; but, besides 


166 LOWER PENINSULA. 


this, a great waste occurs in getting out the rock, which is altogether 
done by blasting with powder. Necessarily, therefore, a great pro- 
portion of the loosened rock is shattered into worthless fragments. 

I trust the managers and workmen of our quarries, most of whom 
have been at work in the slate quarries of the Eastern States, know 
how best to do the business; but I would take the liberty of sug- 
gesting that, by cutting narrow gangways into the walls, at inter- 
vals, the intermediate blocks or pillars could be taken out by a 
crowbar without the use of much powder. This would save a 
great part of the slate now destroyed, and in the end would be 
found to be a quicker process than the present. 

_ At the time of my visit nearly 4o men were engaged in the 
quarry, turning out daily about 17 squares of roofing slate, which 
brings in the Chicago market from $7 to $8 per square. 

The slate is of an excellent quality, and bears favorable compari- 
son with the best slates of the Eastern States. In durability and 
in color, which is a uniform black with a grayish hue, it excels 
them all. 

The opening of the quarries in this remote place, in the midst of 
a wilderness, was attended with great preliminary expense. The 
building of roads, the transportation of machinery, and the hire of 
men and constant transportation of supplies, had to be paid for at 
extra rates; then a long time was required in which to bring the 
quarry to a productive condition. I think, however, from all I can 
observe, that the worst difficulties have been encountered and 
overcome, and that nothing now stands in the way of the future 
prosperity of this highly commendable enterprise, undertaken at so 
great an expense and risk. 

Several other quarries have been recently opened, in close prox- 
imity to that described above, some of which have produced already 
small quantities of slate for shipment, equal in quality to that of 
the first. The masses of good slate already discovered in the dis- 
trict promise an inexhaustible supply. | 
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SALT IN MICHIGAN.—HISTORICAL. 


IT was known from the earliest settlement of the country, that 
the Indians formerly supplied themselves with salt from springs 
existing in the peninsula, and numerous reservations of land sup- 
posed to contain the springs were made by the general government, 
and it is a matter of record that many years before Michigan was 
organized into a State government, attempts were made to manufac- 
ture the article. 

By the act of admission of this State into the Union, in 1837, 
it will be recollected, the State authorities were permitted to select 
seventy-two sections of salt-spring lands. 

A State geologist—the lamented Dr. Douglas Houghton—was 
appointed at the first meeting of the Legislature thereafter, who, in 
his report to the Legislature in January, 1838, says he regarded it 
important that the spring lands be selected for State purposes, at as 
early a day as possible, and most of his examinations the season 
previous were devoted to that end. Dr. Houghton’s explorations 
resulted in finding many indications of saline springs, particularly 
on the Grand and Tittibawassee rivers, in Kent and Saginaw 
Counties, and also in St. Clair, Macomb, Wayne, and Jackson 
Counties. The Legislature passed an act for the improvement of 
the State springs in 1838, and by virtue of his appointment, Dr. 
Houghton was authorized to make examinations and to institute 
experiments, which he did on the Grand and Tittibawassee rivers 
with partial success. 

Although public attention was at that time directed to our salt 
springs, and practical investigations relating to their development 
were for a time vigorously prosecuted, these experiments failed of 
complete success, and the subsequent death of Dr. Houghton, by 
depriving the State of one on whom it had relied to give intelligent 
direction to these enterprises, discouraged in a measure their further 
prosecution. 

Guided, however, by the information thus furnished, other inves- 
tigators took up the matter, and on a thorough examination of the 
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subject became so fully satisfied of the existence of rich saline wa- 
ters in our State, that they at once determined to extend their ex- 
perimental researches still further, and soon demonstrated in the 
most satisfactory manner the entire correctness of the theory 
advanced. 

- Saginaw valley has the honor of having practically proved the wis- 
dom of our first State geologist, in regard to the saline resources of 
the State, and demonstrated in a few short years, to an extent hardly 
to be credited, their unlimited supply, as well as their profitable and 
beneficial nature. Encouraged by the information furnished by 
the geological surveys, borings in several localities have been extend- 
ed to other groups of rocks, much older and lower than the preced- 
ing, viz., Onondaga salt group—the representation in this State of 
the group so called in the State of New-York—and though their pro- 
ductiveness is not yet perhaps satisfactorily established, sufficient 
encouragement has been received to afford reasonable hopes that 
these rocks may yet yield a supply of salt sufficient to render them 
a source of profit, thus adding immensely to the saline wealth of 
the State. 


WELL-BORING MACHINERY. 


The proper location having been selected for the salt well, a 
drill house, 16 by 30 feet, with a tower, is erected. This is large 
enough for a boiler, small portable engine, and a forge for repair- 
ing tools and keeping the drill sharp. 

The tower or derrick has a height of 50 feet, or is high enough 
to draw out the drilling poles. The tool with which the boring 
or} drilling is done is a drill, 3 feet long, shaped at one end like 
a chisel, and made of the best quality of steel. 

The drill is screwed into the sinker, which is a round iron bar 
40 feet long and 3 inches in diameter, and weighing about 2000 
pounds. 

Attached to the sinkers by strong screws are the “jars; these 
are about 7 feet long and made of good iron. The “jars” are two 
slotted links, moving up and down within each other, and are 
intended to increase the force of the blow of the drill upon the 
rock by allowing it to fall with a sudden jerk. 

The jars are attached bya screw to the drill pole, which is, in turn, 
connected by a swivel toachain. The chain is fastened to an or- 
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dinary ‘“ walking-beam ” of wood, driven by an engine of small horse- 
power. 

The beam rises and falls continually over the mouth of the well, 
the chain which suspends the tool passing over the end of the beam, 
being so arranged that it can be let out as the hole deepens, at the 
same time lifting the tool or drill and allowing it to drop with 
measured stroke on the rock, which is thus gradually drilled out. 
A workman sits at the mouth of the well, having the pole grasped by 
his hands, and after every stroke the poles are slightly turned so as 
to turn the drill which is working on the bottom, thus keeping the 
well true and circular in shape. 

While the well is in process of boring, the tools are frequently re- 
moved and the sand pump introduced to remove the loose matter _ 
from the bottom of the well, which is done by means of a suc- 
tionvalve. The sand pump removes all the ground rock sand, and 
takes up at times stonesan inch or more in size. In commencing 
the well, a strong wooden box 8 inches square, made from 2-inch 
plank, is driven down into the ground, say from 14 to 16 feet. 
Inside of this, an 8-inch iron tube or casing is put down as fast 
as the alluvial or drift material overlying the rock formation is bro- 
ken up by the drill and taken out by the sand pump; this continues 
until the solid rock is reached. 

At this point, considerable care should be taken that the opening 
into the rock -is perfectly round and well finished by the drill; for 
the casing should be set so firmly in the rock-as to prevent any sand 
or gravel from running in under the tube, and thus getting in on 
top of the drill and endangering its becoming fastened in the well. 

The rock-drilling now commences and continues to the depth 
to which it is proposed to sink the well. After the drilling is 
done, the sides of the well are smoothed off with a tool called a 
reamer. 

In most of the salt wells on the Saginaw River an offset is placed 
in the well at a short distance above the lower sand rock. Below the 
offset the size of the well is lessened half an inch in diameter. _ 

On this offset is made the so-called rock-packing, the hole being 
drilled bevelling so as to receive a tightly-fitting iron collar or fun- 
nel-shaped piece of metal. A tube corresponding to the size of the 
upper part of the well is made to rest on this rock-packing as the 
offset, and runs to the top of the well; in this way, all the weak 
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brine from the upper rock and any fresh water that may come into 
the well above the offset are shut off. Below the offset, the tube 
continues in reduced size to the locality of the lower sand rock, at 
which point the pumping chamber containing the pumping valves 
is placed. 

In the early history of salt-well boring in Michigan, the pressure 
of the brine in the well tube forced it within 100 feet of the surface. 
More recently, owing no doubt to the great demand for brine, it 
does not rise so high. It only requires a small amount of power, 
after the pumping rods are properly balanced, to lift the brine 
out of the well into the settling tanks. 


PUMPING BRINE. 


Often, in starting up a new salt well, the brine is weak—that is, 
shows a small percentage of salt by the salinometer. This arises 
from the fact that a large quantity of fresh water or weak brine 
from the upper formations has passed down into the well during 
the time the well was opened or being tubed. To test this point, 
and to bring the brine up to the usual strength of salt brines, the 
pump is put in operation and run for some time. If the brine con- 
tinues to show an increase of strength on being tested by the sali- 
nometer, the pumping is continued until the strength of brine re- 
mains permanent at such a percentage as wells of equal depth in 
the same locality have shown. 

If, however, the brine does not increase in strength, there are 
strong probabilities that there is a leakage of fresh water or weak 
brine into the well at the offset. This should be remedied at 
once—the more so if the well is a deep one, such as most of those 
in the Saginaw Valley are; for in this case the offset in the well is 
below the so-called gypsum formation, and you are drawing in and 
mixing with your strong brine a weak brine from these formations 
which has a higher percentage of gypsum. 

This mixing of the two brines in the well and tubing ‘causes a 
precipitation or separation of the gypsum upon the pumping rods 
and in the pumping chamber. If this is not stopped, it will 
eventually close up the valves, and prevent them from being drawn 
out of the chamber. More than one instance has been known where 
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parties have suffered much extra expense in not attending to this 
kind of leakage. 

A manufacturer, in starting up his well pump, may also find that ~ 
he has a short supply of brine, and the brine in the well tube runs 
down as soon as the pump is stopped. In this case he may have 
strong suspicions that his well tube is defective, or that the joints 
are not put together tightly, causingaleakage. To ascertain where 
this is, the tubing should be lifted out, the lower valve being allow- 
ed to remain in. As the tubing is being drawn, the pressure of the 
column of brine in the tube on the joints or imperfections will show 
where the leakage is. If the tubing is imperfect, it should be taken 
out and replaced by perfect tubing. When the leakage is at the 
joint, a new thread should be cut upon it, or the joint should be 
screwed together more tightly. 

It is very important that the salt manufacturer should ever be on 
the lookout for these leakages, as they may and do often arise from 
a jarring of the tubing in running the pump faster than the supply 
of brine comes to the pumping chamber, causing a vacuum and 
producing the so-called pounding of awell. The capacity of a well 
has been very materially affected by such a leakage, increasing the 
expense of pumping from 50 to I00 per cent. 

The supply capacity of a well is also very materially increased 
by the position of the pumping chamber in the well. In the 
early history of salt wells in Michigan, the pumping chamber was 
generally placed a short distance below the offset. More recent 
tests go to prove that the best location for the pumping chamber 
is at or very near the point where the largest supply of brine comes 
into the well, and that point is the lower portion of the sand rock, 
or within a short distance of the bottom of the well. 

in pumping a well, it is also important that the weight of the 
pumping rods should be evenly counterbalanced by a weight on the 
other end of the walking-beam ; this relieves the engine, the only 
weight to be lifted being the brine. 

The stroke of the piston in the pumping chamber should, be 
made as long as possible, and the motion of the engine should not 
be over 32 revolutions tothe minute. In this way, about the entire 
supply of brine in the well is obtained, without forming a vacuum, 
thus preventing the pounding of the well and the danger of parting 
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the pumping rods or jarring the tubing loose at the joints, causing 
leakage. 

The capacity of salt wells varies in different localities, from 12 
to 20 gallons per minute—the size of the well and the quan- 
tity and porosity of the sand rock having much to do in increasing 
the amount. A good well will fill a cistern 20x 30x 6 feet in about 
20 hours. A salt well in Saginaw City owned by Pierson, Wright 
& Co. produced enough brine during a manufacturing season of 
eight months to make over 26,000 barrels of salt. At East Tawas, 
the wells, 34 inches in diameter, filla cistern of the above size in 
about twelve hours. At Port Austin, the well fills a cistern in 


seventeen hours. 


TESTING THE STRENGTH OF BRINES BY SALINOMETER, 
WITH COMPARATIVE TABLES. 


The following table is extracted from Alexander Winchell’s Re- 
port on the Geology of Michigan, published in 1861; it has been 
thought advisable to reprint it at length as a guide to our salt man- 
ufacturers. 

“ Pure water dissolves, at ordinary temperature, a little over one 
third its weight of salt, or from thirty-five to thirty-six hundredths. 
The amount varies somewhat with the temperature, and the results 
of different experiments are, moreover, not perfectly accordant ; 
but from the most accurate observations, it appears that 100 parts 
by weight of pure saturated brine, at temperatures from 32° to 
70° Fahr., contain from 26.3 to 26.7 parts of salt. Some earlier 
determination, however, gave but 25.7 parts, and upon this figure 
the table was calculated. 

“The specific gravity of a saturated brine at 60° Fahr. is 1.205 
pure water, being 1.000. The salinometer employed in many salt 
works for fixing the value of brine is an areometer with an arbitrary 
scale divided into 100 parts. The density of water on this scale is 
represented by o° and that of saturated brine by 100°. Each de- 
gree of the salinometer, therefore, corresponds very nearly to one 
quarter of one per cent of salt. In the following table, the true 
specific gravity, with the corresponding degree of the salinometer, 
and of the hydrometer of Baumé, is given in the first three 
columns. The succeeding columns give the percentage of salt in 
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a pure brine for each degree of the salinometer, the number of 
grains of salt to the wine pint of 36,625 cubic inches, and the num- 
ber of gallons of such brine required to yield a bushel of salt 
weighing 56 pounds. 

“From this table the properties and capabilities of any brine may 
be ascertained by knowing its strength as shown by the salinome- 
ter. Suppose, for instance, the salinometer shows 53°. The table 
shows at a glance that this corresponds to 13.78° of Baumé’s hy- 
drometer, a specific gravity of I.100, and a percentage of 13.62; 
while a wine pint of the brine would furnish 1092 grains of a solid 
residue, and 44.7 gallons would produce a bushel. 

“Tf the strength of a brine is expressed by giving its specific grav- 
ity, and we wish to compare the strength as thus stated with that of 
another brine given in degrees of the salinometer, or the number of 
grains in a pint, and we look in the column of ‘specific gravity’ in 
the foregoing table, and find the number which agrees nearest with 
the given one, then on the same horizontal we have all the synony- 
mous expressions for the same strength, and it is seen at once 
whether the brine with which we wish to make the comparison is 
stronger or weaker. 

“Or suppose, thirdly, that a land-owner desires to know the com- 
parative strength of a brine spring on his premises, while he pos- 
sesses no instrument for taking specific gravity. Let him evaporate 
a wine pint and weigh the residue, or take it to the apothecary to 
weigh ; then the number of grains found in the fifth column of the 
table will show him all the equivalent expressions. 


TABLE GIVING A COMPARISON OF DIFFERENT EXPRESSIONS FOR 
THE STRENGTH OF BRINE, FROM ZERO TO SATURATION. 


Degrees Degrees Specifi er ce Grains of |Gallons for a 
eeimiometer Baan Gane Ss Salt. Src one re of 

° ° 1.000 ° ° Infinite, 
I .26 1,002 0.26 19 2599 
2 52 1,003 0.51 38 1297 
3 .78 I.005 ony) 56 863 
4 1.04 1,007 1.03 75° 647 
5 1.30 1,009 1.28 94 516 
6 1.56 T.010 1.54 114 430 
"| 1.82 1.012 1.80 133 368 
12 
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Degrees Degrees Specific 
Salinometer.| Baumé. Gravity. 
8 2.08 1.014 
9 2.34 1.016 
10 2.60 TOUT 
II 2.86 1.019 
12 2.2 1.021 
13 3.38 1.023 
14 3.64 1.025 
15 3.90 1.026 
16 4.16 1,028 
17 4.42 1.030 
18 4.68 1,032 
19 4.94 1.034 
20 5.20 1.035 
21 5-46 1087 
22 payi2 1.039 
23 5.98 1,041 
24 6.24 1.043 
25 6.50 1.045 
26 6.76 1.046 
27 7.02 1,048 
28 720 1.050 
29 7.54 1.052 
30 7,80 1.054 
ail 8.06 1.056 
32 8.32 1.058 
23 8.58 1.059 
34 8.84 1,061 
35 9.10 1,063 
36 9.36 1.065 
By 9.62 1.067 
38 9.88 1.069 
39 10,14 Owl 
40 10,40 ro 78 
41 10.66 1.075 
42 10.92 HOT 
43 11.18 1.079 
44 II.44 1.081 
45 7) 1.083 
46 11.96 1.085 
47 12.22 1.087 
48 12.48 1.089 
49 12.74 1a 2igu 
50 13.00 1.093 
51 13.26 1.095 
52 m2 G2 1.097 
Ba 13.78 1,100 
54 14.04 1,102 
a5 14.30 1.104 


Per cent 
of Salt. 


2,06 
2,30 
2.57 
2,83 
3.08 
3-34 
3.60 
3.85 
4.11 
4-37 
4.63 
4.88 
5-14 
5-40 
5.65 
5.91 
6.17 
6.42 
6.68 
6.94 
7.20 
7-45 
7-71 
7-97 
8.22 
8.48 
8.74 
8.99 
9.25 
9.51 
9.77 
10,02 
10,28 
10.54 
10.79 
11.05 
iE Su 
11.56 
11.82 
11.08 
12.34 
12.59 
12,85 
Te 
13.30 
13.62 
13.88 
14.13 


Grains of 
Salt in one 
Pint. 


Gallons for 
a Bushel of 
Salt. 


220 
285 
256 
222 
Bie 
196 
182 
169 
158 
149 
140 
133 
126 
120 
II4 
109 
104 
99-7 
95-7 
92.0 
89.5 
85.3 
82.3 
79-5 
76.9 
74-5 
Gon 
69.9 
67.9 
65.9 
64.1 
62.3 
60.6 
59.1 
57.6 
56.1 
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Degrees Degrees Specific Per cent 
Salinometer.; Baumé. Gravity. of Salt. 
56 14.56 1.106 14.39 
57 14.82 1,108 14.65 
58 15.08 I,I1O 14.91 
59 15.34 Teese. 15,16 
60 15.60 ELTA 15.43 
61 15.86 1.116 15.68 
62 16.12 T.118 15.93 
63 16.38 TOL E 16,19 
64 16.64 Th 16.45 
65 16.90 1.125 16.70 
66 17.16 Boney 16.96 
67 17.42 1.129 E22 
638 17.68 TLIGE 17.48 
69 17.94 1.133 17.73 
70 18.20 1.136 17.99 
71 18.46 Thal ke) 18.25 
72 18.72 1.140 18.50 
hg 18.98 1,142 18.76 
74 19.24 1.144 19.02 
ris, 19.50 1.147 19.27 
76 19.76 1.149 19.53 
7 20,02 I,I51 19.79 
78 20.28 1.154 20.05 
79 20.54 1.156 20.30 
80 20,80 1.158 20,56 
81 21,06 1.160 20,82 
82 2.32 leno Bio 
83 PIES 1.165 21.33 
84 21.84 1,167 21.59 
85 22,50 1,170 21,84 
86 22.36 Ie 72 22,10 
87 22.62 E75 22,30 
88 22,88 7 7 22.62 
89 22004 1.179 22.87 
go 23.40 eZ 220s 
gI 23.66 1.184 23.39 
g2 23.92 1.186 23.64 
93 24.18 1,189 23.90 
94 24.44 I,1g1 24.16 
95 24.70 1.194 24.41 
96 24.96 1.196 24.67 
97 25.22 1.198 24.93 
98. 25.48 ZO 25.19 
99 25.74 1.203 25.44 
100 26.00 1,205 25.70 
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Grains of | Gallons for 

Salt in one | a Bushel of 

Pint. Salt. 

1160 42,0 
1183 41.2 
1206 40.4 
1229 39.7 
1252 38.9 
1276 38.2 
1299 37-5 
Oa, 36.9 
1346 36.2 
1370 35.6 
1393 35.0 
1417 34.4 
I441 33-9 
1465 33-3 
1489 Ber 
1513 B22 
1538 ouey) 
1562 31.2 
1587 39.7 
1611 30.3 
1636 29.8 
1661 29.4 
1686 28.9 
1710 28.5 
1736 28.1 
1761 Zep 
1786 Be 
1811 26.9 
1837 20.5 
1862 20.2 
1888 25.8 
IQT4 25-5 
I940 25.1 
1966 24.8 
1992 24.5 
2018 24.2 
2045 23.8 
2072 23.5 
2098 Zoe 
2124 23.0 
2151 22.7 
2178 Don 
2205 22,1 
2232 21.8 
2259 21.6 


“Tn making use of the table, it must be remembered that it will 


prove accurate only for pure solutions of salt. 


In this state, the 


180 LOWER PENINSULA. 


chloride of calcium and magnesium which existed to some extent 
in our brines will cause the table to make a showing too favorable. 
As the percentage of impurities is a variable quantity, it was im- 
possible to make allowance for them in the table. Though we can 
not therefore construct a table practically accurate, it is not thought 
best to discard all attempts at a table. As long as it is thought de- 
sirable to use the salinometer, it seems to be a matter of convenience 
to have at hand the ready means for converting its reading into 
the equivalent expressions. 

“Tt must also be borne in mind that brines of the same strength 
possess different densities, depending upon the temperature, the 
density rapidly diminishing as the temperature rises. It is conse- 
quently necessary to experiment on brines at a uniform or stand- 
ard temperature. The ordinary standard for hydrometrical opera- 
tion is 60° Fahrenheit’s thermometer, but the standard tem- 
“perature at the Onondaga salines is 52°, that being the natural 
temperature of the brine as it issues from the well. 


BRINE ANALYSES. 


The first practical attempt at salt-well boring in Grand Rapids was 
commenced August 12th, 1859, and finished October 14th, being 
257 feet deep. A sample of brine taken at this time was analyzed 
by Prof. Fish, with the following results: 


Specie Oraviltyne oe wes ae tee eens cern ee 1.01752 
Bixedrconstitents eer ec tcee ieee orcs 2.33385 per ct. 
Canhonateominonetens eer ree 0.00145 
st Limi ate” se; Re a es 0.00473 
ee MIAGMESI Ae Moe eee ee 0.00084, 
FreescarbomiciaciGs tc 5: seen: cee) ee 0.00603 
Silicie*acid & 1 ihe <5 eee oi eee 0.00025 
Sulphate of ime .ts bc ee eee 0.13120 
Chiordet of calcein epee eee eee 0.27641 
Chioride cf macwesmiy.. eer ee eee 0.07196 
Chioside of potassiumies weve ees. a O.O1561 
Chlonide, of sodiumiu(salt) ae ea. eae 1.73696 
LO SSRN Sc COU. Se eee DE ho ek eee 0.08841 


2.33385 
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“Salt operations in Saginaw valley were first commenced in 
1859. Through the influence of Dr. George A. Lathrop, the East 
Saginaw Salt Manufacturing Company was organized in April of 
that year, and commenced operations in May following. First well 
completed in March, 1860; first salt made in July, 1860.” 

Soon after passing into the first rock, indications of salt brine 
were found, and the following table shows the strength of brine ob- 
tained therefrom at various depths: 


Pte CORE et 4 Aa he Hug ar ee ee I degree. 
(Pit O satiate BURP RR ee PRE RBG Lar 2 degrees. 
SOT Ti sie pbuh ob. aoe, Bees See 1Oie aes 
PRPS le MEL ORS TE Ae oa ee ee ROE FoR RN hp Sa eae 
re LST) SISO tthe a Ye ZO ts 
NE Gi AP eRe ie USES RP em ar ee eee i AON ee 
DPA Gu ec kta tnd ode raven ek Cale vie AAs 
RISING Wie A ire Ae, ier 2h A 5 ge Dees | GOmn ie 
eg OO MER ALIENS TN ON Ge ism Nee ON ge eas CAN ae 
COO ares Aye Sa Ae RR te PRE SAYS ae e SOE 

SS) HORS Gy UR ee a ta eA. Joeman: Gon) 


An analysis of brine from this well made by Prof. Douglass, on 
April 11th, 1860, is as follows: 


SPCC Sra vty ms eva eS fe Foe ee 1079 

SB NS 800 12 Bey ees Aa amen A ates a Re am San 22.017 Per Cb, 
Whilonde of sodium (Galt). 254) 0224-5 17.912 
a CANeMuiaae: sever ead. ae aot eos 2.142 
(MAGMESIGM oan. ai. sane 2 tse 15522 
Sl phaberor lineal eee, a et 116 
Carbonakerot irom 5s) 3 ido owl als ONES 105 
Ciloride-of PoOtassiuiae.).. 2ic nin os le sees 220 
WAY SUES AeA Re os eae ANON as 77.983 
100.000 


Composition of brines taken from various salt wells on Saginaw 
River, in October, 1862, and analyzed by Dr. C. A. Goesmann—this 
investigation being directed to ascertain their commercial value : 
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Portsmouth, Bay County, Michigan. Depth of well, 664 feet. 
Brine, 54° by salinometer. 


Sulphateton lime (sypsum))..-. 0... 0.4884 
Chilonide eh caletumi!:,) 2% ieee ke 0.3472 
i MUASMESIUNM a eee sete cee 0.4.3 33 

fF Sodium ((salt)ien. cee ees oe 12.5315 
Salighe slat eer: er erse ee ee ee 13.8004 
IWATE Sera. ake Lote eine ees 86.1996 
100.0000 


Gillmore Well, Bay City, Michigan. Depth of well, 505 feet. 
Brine, 65° by salinometer. 


Sulphatevot limei(eypsum) 222s. ae - 0.3961 
Chiorideoirealeimimmes eee ere a 0.5302 
. HapreVen oles) (EGON iat on aecd Sue | OlZ"INGdS 

a So@iums(salt) eters eee 15.2674 
SaliMermMabhen tee. teak ea. vein 16.6052 

Wi Berets SI Atha Cee Oe) te Se Vee AE 83.3948 
100.0000 


The two brines, as the depth of the wells will show, are from the 
upper salt-bearing sand rock, and are quite characteristic of this 
formation, as shown by the large percentage of gypsum and low 
percentage of chlorides. 


Swift & Lockwood’s Well, Saginaw City. Depth of well, 860 feet. 
Brine, 86° salinometer. 


Sulphate oflime((ey,psum))\y 9 see 0.0983 
Chloride of caletume ac. once 2.6430 
«s MASMESIUT | eae ee 1.0685 
ee Sodiumin(Galy\ser see ae 17.5103 
Saline mattensr Mags shot lee cnet o 21.2201 
NVAGCE SE... <<! scjp ire Beetle be 78.6799 


100.0000 
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East Saginaw Salt Manufacturing Company, East Saginaw. 
Depth of well, 806 feet. Salinometer, 80°. 


Sullpiave of limes (cypsum\e ae. a 0.1516 
Chloride oberlcivmy. 2. ose. ae. + 2.2605 
‘ TMACHMESTUAM = seta isc. ERs oe 0.9629 

- Sodium (Gale)) sss soe a 16.8636 
SAlamesaimalbtetesiaas os cls ele Wem hs 20.2446 
WAR OCES ca sige tes etal Dra Pace aoe cst ot 79.7554 
100.0000 


Bangor Salt Manufacturing Company, Banks, Bay Co., Michigan. 
Depth of well, 774 feet. Brine, 95° salinometer. 


Sulphaterof lime (e@ypsuml) <i. )-).11. a4. 0.0722 
Chlonderomealcnmyy 2.0): So See 2.9611 
si MUACGIME SUM Sepa zs ce ote ee 1.2612 

§ Sodium r(Sali)its its a Nee: 19.8595 
Salile Matkehwc a. fhe aa ae 24.1540 
[AVES Exes em AACA OTN UN i aa 75.8460 
100.0000 


These three specimens of brine, as the depth of the wells will 
show, are from the lower salt-bearing sand rock, called the Napo- 
leon sandstone by Winchell. The analysis shows a decrease in 
the percentage of gypsum, an increased percentage of the earth 
chlorides, and increased quantity of salt. 

These are the representative brines of the Saginaw River, and are 
those which are mostly worked for their salt. 

Composition of brines taken from wells outside of the Saginaw 
valley: 

Ayres & Co.’s Salt Well, Port Austin, Huron Co., Michigan. 
Depth of well, 1198 feet. Brine, 88° salinometer. 


SUUMae Ol MMS sere taes oece we sores eee 0.0129 
Ciiloricc of calcium sss... soe 2.1274. 
as AIMACHME SMUT. ey) sce sco eee rat 1.5075 
e Soin (Salt) soe 17.6161 
SS UMMCRIM MEET e425 «0: -. enc hp nes < 22.3239 
YAY BESS iy cs he RP ae RCE SOR ante 77.0761 
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Grant & Co.’s Salt Well, East Tawas, Iosco Co., Michigan. 
Depth of well, 905 feet. Salinometer, 85°. 


Sulphate ot dime (ey psum)...)-2% 4-4 ce « 0.0350 
Ghilemcle dot Cale 646 aes Gewese sw Some 3.4843 
2 TIVASMESIMM 4k oy. 5 ow eines wise 1.2433 

. Sodium (Galt) Set ccctes ee oe 15.6141 
Saline: Maver... sees cee Caer 20.3767 
WIVES ecit sees ten ereee ae ein he ee Ds fOLO238 
100.0000 


The analyses of these brines show a marked increase in the earthy 
chlorides, and are without doubt from a lower saliferous horizon, 
located in the Devonian strata, and consequently intermediate be- 
tween the Onondaga formation and the Michigan salt group—this 
same formation having been struck at Caseville, Huron County, 
at the depth of 1750 feet, and at Blackmar’s Mills, 13 miles east of 
East Saginaw, at the depth of 1675 feet. The new wells going down 
at Oscoda, Mich., are without doubt in this formation also. 


Composition of brines taken from wells on the Lake Shore of 
Huron County, and representing an excellent quality of brine for 
salt manufacturing—nearly approaching the Goderich brines in 
freedom from the earthy chlorides: 

Sand Beach Well, Huron County. Depth of well, 702 feet. 
Brine, 84° salinometer. Analysis by Dr. S. P. Duffield. 


Sulphate omlime(eypsum) =. ies +. 8 ee 0.2539 
Chionde omealetundsr eae 0.3000 
“ MAS MESSI Ser dae alate se 0.1591 

H PSSOGiumn (Salt). ae. ete 22.5673 
Saline smattencs tinea shoals see 23.2803 
Water ch imerina sot ey eee 76.7197 
100.0000 


White Rock Well, Huron County. Depth of well, 566 feet. 
Brine, 78.5° salinometer. . 


Sulphate ob lime (eypsual)e cso 6... 0.2623 
Chloride vomeal Grummer aae aye ote crc ces - 0.5373 


BUEI TOWN IOV VEE, I 85 


Chiencderol magnesium, p44 5k See. 0.4106 
s socdiumay (Sale\seeaeemeie tts 18.9134 
SQIMS MAUL ER ois se hens wpa ca ave 20.1236 
NW iaienere ap cass fay eee ls, Sd 79.8764 

100.0000 


The following analyses of Michigan brines, made by H.C. Hahn, 
Ph.D., will show the chemical composition of other brines not in- 
cluded in the above list: 


Oneida Salt Company, Crow Island, Zilwaukie. Specific gravity 
of brine, 1.1864. 


Sodie chloniden(saltyy 20... cess cies 2s ' 6 19.304 
(Caleic Chloncdess. no's ce. BPRS ii ola Ba 2.622 
Wicemmestcreimoriche as a5) ee ue: rep WN ose 1.343 
vCalcic sulphate (@ypsum) 2.0. /)2 20). tcc. 0.080 
SEC ULMOMARCNs sewers c's oo ecr ase cub ees trace 
Miaenesic carbomate™. 2... . st nant a a 
emousicanbonates)../..1..000..8.4.24 0.0054. 
ot CHOIR Cra ere a rere une 0.0032 
Miasnesic bromides 2... 36-2055 eee sda traces 
Carbomicracid sek ata. oe resent ek e 
NTE chat Pees ph aR Mee, cir Fee eb bec a a 70.269 
99.6276 


New-York Solar Salt Company, Zilwaukie. Specific gravity of 
brine, 1.1930. 


Socducrenloniden(Salt yaw ae tale at. 19.914 
(Cailcire (lalltornichs phe 3 ey eels Gia ses Perea 3.040 
Miaenesic chloride 2st hee. cise wich 1.419 
@alcic sulphates. ae. fae os ies Ye 0.073 

Rae CATO OM AEC a seman ers os thu cu Neer 0.0010 
Meaemesic carbonate? 23.2, .:<csaugaeo eaten. 0.0006 - 
nveuGrOuUS CarbOMake).. ci). <a.0,0 <a eyaeoe 0.0058 

OES el ol (Oy AG (eee eee rR N's Gi 0.0038 
NYY UIC “ec ARE are at PERE Gc Ne 75.042 
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Michigan Solar Salt Company, Zilwaukie. Specific gravity of 
brine, I.1900. 


SOUMGACMUOILCEK. 1.5 pens v cine lstaeyecae aeetemce 19.671 
CANGICmeMNOIGe! 28s ws. ceoeae wie treet 2.916 
NIAETESICYCIONICLE .2ic.a-bi bu cies meme ede iieyent 
GAUCICTSUNIDINACE’, cs svactiencts ace especie natoves 0.082 

“Se CANDONALS Is seteteincatoue eaters bteaarane ite 0.0010 
PerrouscarbOnatec.. te. etree tae ne te 0.0123 
WMaenesieGarbonate.. as .cce ese aes 0.0015 
Carbonic acid Mais umae oe eee trace 
ENS CRS eee CRA Se ok ane aR Pe an ae mnR 75.715 
99.7800 


Smith, Kelly & Dwight Well, at Oscoda, Iosco Co., Michigan. 
Specific gravity, 1.182. Depth of well, 1070 feet. 


Sodicichloniden(Galt) = oes en. ese eee 17.93 
Gallcicrchlonide nn: ater aes oe eee 4.21 
NMacnesicychlonideste arene ea eee 1.93 
Calcic sulphates. Sac ine ie ee ee nee trace 
SP SCARDONAES a eee is cae eer eee " 

Salimeimattece. ewer eee tere e 24.19 
WWiatetn eater lenin eet ane cies coun aatumtnn 75.31 
100.000 


RECEPTION AND SETTLING OF BRINE. 


The salt manufacturer having satisfied himself in regard to the 
quantity and quality of the brine supply, must now be prepared 
with cisterns to store his brine during the process of settling. 

These cisterns or outside settlers were formerly built in size 
20 by 30 feet and 6 feet deep, having a capacity of 25,000 gallons. 
More recently the size of these has been increased to suit the wants 
of the manufacturer. They are built of sound 2 to 3 inch plank, 
well and properly keyed together by strong gripes, and are also 
calked to prevent leakage. These cisterns are elevated on piling 
or framed timbers, high enough to allow the settled brine to flow 
through pipes to the blocks. 

The connections from the cisterns into the pipes are 6 inches 
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above the bottom, the flow of the brine being controlled by gates. 
The supply pipes from the cisterns are usually made of wooden 
pump logs having a 3-inch bore. 

The brine, as shown by the analyses, contains a small percentage 
of carbonate of protoxide of iron, held in solution by an excess of 
carbonic acid. 

If:the brine was boiled down or evaporated with this iron in, it 
would give the salt a red color and very materially affect its commer- 
cial value. 

As soon as the cistern is filled with brine, preparation should 
be made to settle it. A tight box large enough to hold a barrel or 
more of water is placed on the top of the cistern. In this a proper 
quantity of fresh burnt lime is slacked with fresh water, enough 
being afterward added to fill the box, so as to make a whitewash 
or milk oflime. This mixture beinga caustic lime, is freely sprinkled 
over the brine. The brine is then thoroughly “ plunged’—that is, 
it is stirred up until the lime is well mixed with the brine. The 
caustic mixture of lime having a strong affinity for the carbonic 
acid extracts the same from the brine, thus releasing the iron which 
is precipitated with the lime to the bottom of the cistern as an 
insoluble peroxide of iron. The brine is then allowed to rest for 
48 hours, when it is quite clear and ready for the boiling house 
or block. This process is called “settling,” and on the care with 
which it is conducted depends much of the success in making good 
salt. 

EVAPORATION OF BRINE. 


Having made a stock of settled brine, the next process in the 
manufacture of salt is the evaporation of the brine; and this is ef- 
fected by three different methods: 

Ist. By the direct application of fire-heat to kettles and pans. 

2d. By the use of steam, either exhaust steam from saw-mills, 
or steam generated by flue boilers built expressly for the pur- 
pose. 

3d. By solar evaporation. 


EVAPORATION OF BRINE IN KETTLE BLOCKS. 


A kettle block for evaporation of brine consists of a wooden build- 
ing, 140 feet long by 45 to 50 feet wide, with an elevation of 18 © 
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feet, so framed as to admit of the steam passing out at the venti- 
lators. In this building are set from fifty to sixty kettles, having 
each a capacity of from 100 to 120 gallons. The kettles are set in 
two rows over arches running from the mouth or furnace to the 
chimney. These are called “arches.” These arches run close to- 
gether, with a dividing wall between them; the kettles are set close 
together in a row, resting on the dividing wall on the one side and 
on the inside wall on the other. 

The fire arch or furnace at the front is 3 feet from the bot- 
tom of the kettles; from here the bottom of the arch gradually 
rises so that under the back kettles the space is only Io or 12 
inches. Here the flue passes into the chimney, which is about 40 
to 50 feet high. 

Between the arches and the salt bins, which are under the same 
building, is the sidewalk. On this sidewalk the salt boiler operates 
in drawing the salt from the kettles into the draining baskets, 
which, when it is sufficiently drained, are wheeled off to the salt 
bins on this sidewalk or platform. The bins, which run the entire 
length of the block, are divided off in sections, and are made with 
open floors for the proper drainage of the salt. ; 

Through the centre of the block, just on top of the middle wall, 
two sets of pump logs or pipes are laid—one for fresh water, and one 
for the settled brine, each of them being supplied with faucets for 
each kettle. 

The kettles, after being well cleansed, are filled with brine, and 
boiling soon commences after the fire is under good headway. A 
scum rises to the surface, which is taken off with a skimmer. 

Of late years, owing to the dry and light material used for fuel 
(being the refuse slabs from saw-mills), the first ten or fifteen kettles 
in the arch are protected from the excessive heat by patent arches, 
which are built over the fire flue, and directly under the bottom of | 
the kettle. By this arrangement and a narrowing of the flue, the 
heat is distributed more evenly through the entire arch, and the 
kettles boil more regularly. 

Soon after the brine commences to boil, the crystals of salt com- 
mence to form on the top, and then fall to the bottom. When the 
brine is boiled down to about one third, the salt is dipped out with 
a ladle and thrown into a basket, which is placed over one side of the 
kettle. The salt is allowed to remain in the basket for two or three 
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hours, the bitter water containing the earthy chlorides being thus 
drained off. Thorough drainage is considered an important point 
in this mode of manufacture. The balance of the brine or bitter 
water remaining in the kettle is now bailed out and thrown into the 
drainage trough. The kettle is then rinsed out with fresh water, 
and again filled up with brine. 

The difference of the time in which the front and the back ket- 
tles boil down varies from four hours in the front to twelve hours 
in the back. The kettle blocks are generally run day and night by 
four men, two boilers and two firemen, taking tours of twelve 
hours each. The average product of a good kettle block is seventy- 
five barrels of salt per day of twenty-four hours. 


EVAPORATION OF BRINE IN PAN BLOCKS. 


Pan blocks are buildings of various dimensions, built to accom- 
modate the size of the pan, settlers, and salt bins. 

The pans are made of quarter-inch boiler-plate iron. They vary 
from go to 120 feet in length, being divided into sections of 30 or 
4o feet, are 12 to15 feet wide, and from 10 to 12 inches deep. With 
some the sides are straight, the salt being raked to the side, lifted 
out with a shovel, and thrown on the draining boards. In others, 
the sides are flanged, and the salt is raked directly on to the drain- 
ing boards. 

Pans of the above size rest on three walls as in kettle blocks, the 
arches running directly under the pan to the chimney at the end. 
As the firing of these blocks is done mostly with slabs and light fuel, 
the first 30 or 40 feet are also protected by patent arches thrown 
across the flues, thus dividing the heat more generally throughout 
the block. 

The brine boils very rapidly in these blocks, and as the salt makes 
fast, it requires much care and attention on the part of the work- 
men to keep the salt from baking on the bottom of the pan; this is 
prevented by raking out the salt almost as fast as it makes. © 

Improvements in heating pan blocks have been made of late years 
in those localities where the price of fuel is a consideration. A 
pan block of an improved plan for boiling the brine has been erect- 
ed by Messrs. Ayres & Co., of Port Austin, Huron County. 

The block is 120 feet long, 43 feet wide, outside post 10 feet high, 
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and centre post 18 feet high—almost too high to carry off the steam 
in winter. The length was also calculated for four pans. Three 
pans only were put on, being each 30 feet long and 16 feet wide on 
bottom, sides flanging and bolted to the draining boards. 

The pans rest on seven walls, which are so arranged that they make 
two fire flues in the centre and two return flues on the sides. 

The centre and outside walls run the entire length and width of 
the pan. All the walls are a foot wide at the top. The two fire 
flues which are under the middle of the pan on both sides of the 
centre wall are 2} feet wide. Height of grate to pan, 34 feet. 
The return flues are next to the outside walls, under the sides of 
the pan, and are 2 feet wide. This gives a heating surface of 
180 feet in length on both sides of the middle wall. The outside 
flues run into the chimney, which is placed at one side of the 
front of the block—the space under the pan being reduced to one 
foot. 

The advantage of this arrangement of the flues is that, as the brine 
boils freely over the fire flues, the salt, as it makes, is thrown to the 
cool side of the pan, and therefore it is not so liable to bake to the 
' bottom of the pan before it is raked out. Another advantage is in 
the economy of the heating surface, the entire amount being well 
used up before it gets to the chimney. This is shown in the 
-amount of salt made—Ayres & Co. reporting the making of 140 
barrels of salt with 13 cords of hemlock wood in a day of 24 hours. 

The brine for pan blocks is settled cold in the outside cisterns, and 
in most instances is brought to saturation by the inside steam set- 
tlers. The salt, as it makes in the pan, is drawn out by rakes upon 
the draining boards, where it remains for a time, when it is shovel- 
led into barrows and taken to the store bins for further drainage. 

It is very desirable that the draining boards should be so arranged 
in pan blocks that the workmen should not be compelled to walk- 
over them in the operation of drawing or wheeling off the salt. 


EVAPORATION OF BRINE BY STEAM. 


The evaporation of salt brine by the steam process is now pro- 
ducing the largest portion of salt made in Michigan. 

In describing the arrangements of a steam salt block and the ac- 
companying process, we have selected the steam salt block, drill 
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house, cisterns, and saw mills of the Buffalo Salt Company, managed 
by Sears & Holland, of East Saginaw, and represented in the ac- 
companying view. 

This steam salt block is 140 feet long, 122 feet wide, and has an 
elevation of 52 feet to the top of the ventilator. Height of ventilator, 
16 feet. Included therefore in the above space are the inside set- 
tlers, grainers, salt bins, and packing room. 

The inside steam settlers are 136 feet long, g feet wide, and 6 
feet deep, made of 4-inch plank, well keyed together and tightly 
calked. 

This block is supplied with seven grainers, 136 feet long, 74 feet 
wide, and 16 inches deep. . 

Over each grainer are the draining boards running the entire length. 
Passing through each settler and grainer, and near the bottom, are 
4-inch galvanized tubing, four to five in number, depending on the 
size of the grainer, through which exhaust or live steam is forced. 

In the steam as in the kettle process, the brine is first pumped 
into the outside settlers, where it is partially settled. It is then 
drawn into the inside steam settlers, where it is heated up by the 
steam pipes and brought to saturation—that is, a point just preced- 
ing the formation of salt crystals. It is allowed to remain until all 
sediment of iron has fallen to the bottom, by which time it becomes 
clear as crystal. : 

The brine is now ready to be drawn into the grainers, which are 
filled to about two thirds their capacity, or nearly full. As the 
settled brine comes into the grainers quite warm and fully saturated, 
it soon commences to make salt, which forms on the surface of the 
brine, and then falls to the bottom of the grainers, when a new lot 
of crystals are formed, to fall inthe same way. The brine is also oc- 
casionally stirred so as to make the crystals fine. Thus the evapora- 
tion continues for twenty-four hours, the temperature being kept at 
from 170° to 175° of Fahrenheit. The brine being sufficiently evap- 
orated by this time, the workmen commence the “lifting.” This 
is done by first washing the salt in the brine that is left in the grain- 
ers, and then taking it out with shovels and throwing it on the 
draining boards, where it remains a number of hours for drainage. 

A large “lift” or “draw” fills the boards with salt, and it is a 
beautiful sight to see the salt as it comes white and sparkling from 
the brine. The salt should remain on the draining boards to drain 


Ig2 LOWER PENINSULA. 


thoroughly, twenty-four hours if possible, before going to the bins. 
It lies in the bins two weeks to complete the drainage, when it is 
ready for inspection and barrelling for shipment. 


SOLAR EVAPORATION OF BRINE. 


The first preparation for solar evaporation is to have a series of 
covers or wooden vats. The covers are rectangular in shape, being 
16 by 18 feet and from 6 to 8 inches deep. They are raised on 
wooden supports 2 to 3 feet from the ground, and are arranged 
in sets or strings. Each cover has a movable roof, which can 
be run on or off to protect or expose the brine, according to the 
weather. At the end of the string of graining covers, somewhat 
higher and deeper, are the “strings”’ of settling covers into which 
the brine is led from the store reservoirs or cisterns. No lime is 
used in settling the brine in this process; for in these deep rooms, 
the brine absorbs a portion of oxygen from the air, by which means 
the carbonate of iron, which is dissolved in the recent brine, is con- 
verted into an insoluble peroxide of iron. In Syracuse, a second 
series of covers are used to get rid of the gypsum, which separates 
or is deposited in the form of acrystal. As the quantity of gyp- 
sum is very small in the Saginaw brines these rooms are now dis- 
pensed with. 

As soon as there is a show of salt crystals, the first stage of the 
process is accomplished, and the saturated brine known as salt 
pickle is ready for the last stage. It is then drawn into the salt 
room or graining vats, in which the salt soon commences to crystal- 
lize on the bottom of the covers. 

“One of the conditions required for the production of a good, 
large-grained solar salt, which is most esteemed in the market, is 
that the bottom of the covers in the salt room should be as smooth 
as possible, rough surfaces favoring the deposition of numerous small 
crystals. It is also necessary to have the salt covers supplied with 
a sufficient supply of good pickle, so that the salt already deposited 
may alwaysbecovered. Anexposure of the salt uncovered to the 
air favors the formation of new small crystals, and the addition of 
an unfinished or not sufficiently concentrated pickle produces the 
same effect. It is also important that the waste or exhausted pickle 
from which the greater part of the salt has crystallized should be 
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discharged from time to time, as its presence not only impairs the 
quality, but diminishes the quantity of the salt deposited.” 

The time required for the evaporation of sufficient pickle to make 
a crop of salt depends largely upon the weather, dry and clear 
weather being, of course, most favorable; six weeks to two months is 
the usual time. Three crops of salt a season are gathered—the first 
about the middle of July, the second in the early part of Septem- 
beiomande the! third at the end of October) The second crop is 
generally the best, as it is coarser than the others. 

The crop of solar salt is gathered by first loosening it from the 
bottom of the “covers” with a rake or spud. It is then washed in 
the pickle that is still left in the cover, and “gathered” to the street 
cunwale. Here it is shovelled into draining tubs, to remain a short 
time before being emptied into the salt carts for removal to the salt 
bins for further drainage. 


TREATMENT OF CRUDE PRODUCT. 


The legal time, fourteen days, required for drainage having passed, 
the bins are opened and the salt is packed in barrels holding five 
bushels, or 280 lbs.—each barrel being branded with the name of 
the firm or person manufacturing the same. 


GRADES AND QUALITY OF MICHIGAN SALT. 


The salt product has been divided by the State Inspector into 
the following grades : 

Fine.—In barrels, 280 lbs., suitable for general use for all family 
purposes. 

Packers.—In barrels, 280 lbs., suitable for packing and bulking meat 
and fish. One of the best and purest grades of salt, and branded 
when coarse, C Packers C. 

Solar.—in barrels, 280 lbs. ; when screened, branded C Solar C for 
coarse and F Solar F for finer grades. Solar salt suitable for bulk- 
ing meats. 

Second Quality.—All salt intended for No. 1 of any of the above 
grades, when for any cause it is condemned by the inspector, is 
branded Second Quality and sold as such. This salt is good for 
salting stock, hay, hides, etc. 

LS 
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ANALYSIS OF SALT. 


Experience proves that the best quality of salt can be made from 
Michigan brines, and that a great preponderance of the salt sold in 
the market has been found as pure and as efficient an antiseptic as 
any mined or manufactured elsewhere, either in our own or foreign 


countries. 


The following are the analyses of the various grades of Michigan 


Kettle Salt made by the East Saginaw Salt Company, East Sagi- 


naw, Michigan. Analyzed by Dr. C. A. Goesmann: 


Carrollton Salt Company, Carrollton, Michigan. 


SUM MMaveqOriMten ye Meare ene 0.3165 
“ CalCiMMiane sn eerwe net 0.3564 
Chiorideoimacnesitim). 5-4-0 eee 0.1408 
IWIOUSEIRE Ryn wt oie Hass Ri eyecs ee eke hte at cere 3.3441 
ChloriderorsoditmeGalt)\i ase -- cee ae 95.8422 
100.0000 


analyzed by Wry. © ilahn: 


SWISS OHMS Gosceacumecoseenasooud 0.405 
UGiiloriderotcalenmin eee e eee 1.127 
a nO Velen NESHIDUN OY Benes ir Gu) Gah eae hie B 0.517 

Mois bUnee ery Tate et ie, Sie i ee 3.292 
Chiorideversedinm(Galt)hame eee eee 94.669 
100.000 


Pan Salt made by Bay City Salt Company, Bay City, Michigan. 


Analyzed by S. S. Garrigues, Ph.D.: 


SUMO eee Wir Inn. o2 5c od boo so ec ec ro kiag OOO 7. 
Chloride :officalenumiyyy.. wsc).uc era cue: 0.329 

Hs ITASME SUMMA. (295). seen eel se 0.340 
Moisture :@. \. voter ue eatenet cose toraa st). 1.346 
Chloride of sodiump(salt) nears... 2s. 97.288 


etilcnca tte 
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Pan Salt made by Taylor & Co., Zilwaukie. Analyzed by Dr. H. 
Cy Hahn 


Sulmbatevon Winners tye ert we eke 3s 0.088 
SChioride offcalevuim\. ovis. oe oes 6 2 0.737 
: MMASMISSHUTID. Porte tees hd wi wn 0.445 

is Sociuma (Salt) ora ieee ee ee 98.730 
100.000 


Steam Salt made by Buffalo Salt Company, East Saginaw, Michi- 
cane Vinalyzed: by Dr. rH, €) Hahn: 


Slo Wate vote litmes «his a ayes eae ae ese 0.478 
Chilorncdeomealeimmi. 4.5 saa ee 1.365 
Sipe We TA CMESIUNIN os ee conte etc s a <s 0.694 
WITS) CUS eeu act Saale canned Seok Ri gtr agte ARMM 3.478 
Chioniderofisodiumi(Saltye . 2s. oe ee 94.366 
100.000 


Steam Salt made by New York and Michigan Salt Company, at 
Zilwaukie. Analyzed by Dr. H. C. Hahn: 


Stub terol iimiey mass sn cot sen aay opie te yess 0.363 
Chloride caletuinie co i ee 0.699 — 
ay MMACMESUUTU yee se lee ere 0.313 
IN oistenitte oy here a be, OM. nat 8 con ny ck aces) eo 3.308 
Cilericde ei sodium) (salt). 0... ......-- 95.327 
100.000 
SOLAR SALT. 


Solar Salt made by East Saginaw Salt Company, East Saginaw. 
Analyzed by Dr. C. A. Goesmann: 


Suilpiatke oir ine) ye. aise <)a)8 sTaceue ouane 0.3165 
Chiovdeot calemiml. 0.5... sagen. 0.3564 

Y TMACMESIUIN... 60 2 areas 0.1408 
WET STELIOS Sok ha siete las eM, ics 3.3560 
Cilonideronsodimen) (Salt). /.) \veeeme ae 95-8333 


100.0000 
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Solar Salt made by New York and Michigan Salt Company, at Zil- 


waukie. Analyzed by Dr. H. C. Hahn: 
Sulphate of lime 
Chloride of calcium 

i magnesium 


Moisture 


S10 19 Be) ©) le © 96 ta cel by wun! le) spe) «: 
ee | 
«6, 0) © © 6 6 le © © \8 io 000) .6 ie)e)e te (e) ola) le) 


@hioride of sodium (salt). 722-5... « 


100.000 


Average analysis of common salt, made by Dr. C. A. Goesmann, 


of Syracuse salt: 


Sullpaterorlime: water. ses. ce este 
Chloride ofcaleimmn a... sess eee 


66 


magnesium 


erect ee oe eo eee se 


2) 20000 
95.4531 


100.0000 


Amount of salt made in Michigan by the different processes for 


the last seven years: 


1869. 1870. 
Kettletsaltame 2 ee le 335,063 bbls. 301,900 bbls. 
Pan SE Me isyoratd cdcilh Werth A2,000 35" iG ZIgvo) 
Stearn. pele ae Maweu cle S ws) ed CHAO OI 255 TAZ nee 
SOY0) C0 ga MPG ear nee eee E5204. * 15,5072 my ae 
Mo tall eee eee ae od hese 569,688 bbls. 628,979 bbls. 
UtoyAle 1872. 
Kettle salt. 52 Aceeswsee cen 290,550 bbls. 202,300 bbls. 
Pan Sree oe ee ate MN Pe 68.080 “ 652800) = 
Seam ON) patty eens 220mO2 2 435,020.) 6 
Solara smasac ae eer 277 OVI A ZO-AG IS eS 
BURG alls i does Gees ee 732,437 bbls. 724,481 bbls, 
Toy: 1874. US 5e 
Nettletsalemeren. 192,250 bbls. 181,200 bbls. 117,000 bbls. 
Pan Bay bbe ae Se 127,400) 2: ¥320,560 ‘5 199,100 
Steam “(eit eae ATEM20, <* 685,883 “ TAR AZO" 
Solar: “"Seraeee 2007 29301 > “* Do Zo a 
Tetal- cae 823,346 bbls. 1,026,979 bbls. 1,081,865 bbls. 
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Kettle Salt. Pan Salt. Steam Salt. Solar Salt. 
1869... . 335,063 bbls. 42,000 bbls. 176,761 bbls. 15,264 bbls. 
18707). 301,900  ~ 56,430 “ Zs Aas 15,507 “ 


1S 200'550 5 68,080 “ 230,102 “ ByROAay ast 
Key2)...-202,300 65,500, A3E.920 “ ZOrAOT | 
NSB O22 50) 127700 AGM V2 Oe hiss OB Aoi ee 
Oye ee LOls2OO) |i‘ 130/500. 685,888 “ 205301) 
Re 7s eI7 0001) Leguico. “ 741,429 “ 24,336 “ 


FUEL. 


The fuel used in kettle blocks is cord wood, mixed soft and hard, 
refuse slabs,and sawdust from saw-mills. Mixed wood now costs 
$1.25 per cord, delivered at block. Slabs cost 45 to 50 cents per 
cord at the mills. 

A kettle block will consume to cords of mixed wood in 24 hours, 
or 16 cords of slabs in the same time. 

Pan blocks on the Saginaw River are run almost entirely with 
slabs and sawdust from the saw-mills. On the lake shore, mixed 
cord wood is the fuel used. A pan block go feet long, and 16 feet 
wide, as above described, will use 13 cords of mixed wood in 24 hours, 
making 140 barrels of fine salt. 

Steam blocks are mostly heated during the day with the exhaust 
from the saw-mills. This is the steam that has been made in the 
mill boilers. Having performed the work of running the mill 
engines, it is then exhausted into the pipes connected with the salt 
block, which carry it through the settlers and graining vats, and 
causes the evaporation of the brine. If the mill does not run at 
night, the boilers are connected directly with the steam pipes in the 
salt block, and live steam is used, the fuel being the sawdust left 
from running the mill in the day-time. 


BARRELS, MATERIAL, AND COST. 


The salt barrels of Michigan are now mostly made of pine staves 
and heading. In some localities, elm staves and ash heading are 
used. Most of the pine staves are made of the refuse lumber 
from the saw-mills. The elm stave is mostly made from stave bolts 
cut for that purpose. 
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There were manufactured into salt barrels, on the Saginaw River, 
last year, staves, heading, and hoops as follows : 


Sie: AT Shana (ocr 6 ENS er a a gL RD PR 16,195,480 
TL er UNO em acenta ye cie,sr, <usrniace rene ow castepieg witue oereee aye 6,138,000 
|i lO\) aiken a A aE Seer ap aD Rl RO RO 9,872,000 


The barrels are mostly made by hand in cooper-shops connected 
with the salt blocks. The average cost of salt barrels is from 28 
to 30 cents each. The Rules and Regulations on Cooperage are 
as follows: 


COOPERAGE. 


(REGULATIONS IN REGARD TO BARRELS.) 


All staves must be of such length that when the barrel is finished 
it shall not be less than 30} inches, or more than 314% inches long. 
Soft-wood staves, whether rove or cut, to be $ an inch thick. Hard- 
wood staves ;%, of an inch thick after seasoning. Staves not more 
than 4 inches wide, of sound timber, and properly jointed. 

Heading must be 3 of an inch thick, of good, souna lumber, 
free from holes or unsound knots, smooth for branding. No 
basswood will be allowed for either staves or heading. 

Hoops to be 1 inch wide and } of an inch thick, 10 to each bar- 
rel, shaved and well set. 

Barrels for fine salt must have heads 17} inches in diameter. 
Chime to be 1 inch from point of croze. Bilge from 21 to 21} 
inches in diameter outside. 

Solar salt may be packed in barrels not less than 30 inches in 
length with a head 164 inches. Barrels charred on the inside must 
be rejected. . 


LABOR. 


The work connected with a kettle block can be accomplished by 
7 men and 1 two-horse team, divided as follows: 2 boilers, 2 fire- 
men, I engineer, I salt-packer and I teamster. ; 

The capacity of pan blocks being greater than that of kettle 
blocks, more labor is required, and is divided as follows: 4 boilers, 
3 firemen, 2 engineers, 2 salt-packers, and 2 or 3 teamsters. 
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Steam blocks being run with exhaust steam, the same firemen 
whorun the mill during the day are employed. At night an extra 
man is put on. The number of boilers varies with the capacity of 
the block, being from 4 to 6 men, engineers 2. In many of the 
steam salt blocks the boilers also pack the salt, after they have 
finished lifting the same. 7 

In the early history of the salt manufacture, the supply of good 
labor hands was not equal to the demand. Of late years, the sup- 
ply has been largely in excess. | 

The average price of labor in 1864 was $2 a day. In the present 
year, the average pay per day for salt laborers is $1.25. 


FIXED OUTLAY IN DETAIL. 


The following figures give the fixed outlay of E. F. Gould’s steam 
salt block at Carrollton, Saginaw County, Mich.: 

Size of block, 177 feet long, 84 feet wide, with an elevation of 26 
feet. It has 2 inside settlers and 5 graining vats. 

Size of settlers, 126 feet long, 7a feet wide, and 6 feet deep. 

Size of grainers, 126 feet long, 7 feet 9 inches ae and 15 
inches deep. 

Outside settlers, 20 x 30 feet, 6 feet deep, 4 in number. 

Bin room for storing 3000 barrels of salt unpacked. Shed room 
for 3500 barrels of packed salt. 

Capacity of block, 125 barrels a day, and has 2 salt ewe 


Engine and boilers for two wells......... $2,800.00 
Drillimeysalitewrellis ass regis 5 Aaketh, «leo oe 2,200.00 
Role cehotwellicuren weirs eae lc eiets a ndke (oc. 250.00 
Tubing Sie. eye cc shea Nees ALI an ar 1,400.00 
umpacham per atid valVies..... csc ss oe 8s 6s 250.00 
Salt block, cisterns, settlers and grainers.. 9,600.00 
Tubing and connection to salt block..... 3,500.00 

“TEC Pas ie i salman Gene Aa ht $20,000.00 


The cost of the Buffalo Salt Company’s block, as described in 
this article, was $4000 for tubing and $6000 for block, cisterns, set- 
tlers and grainers. 
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COMPANIES, CAPITAL, AMOUNT OF SALT MADE, NUMBER OF 
KETTLES, GRAINERS,; PANS AND COVERS, DEPTH OF WELLS, 


ETC. 
4 al 3 8 g = 
su | se [ele] eld ela] = 
; Eo So fe) e | Vis} oO |e) a Mode of 
SaLtT Works AND LOCATION. - a2 |Imio|M ial o ls ro M f 
a ae sisi lsle{iS| 4 anufacture. 
Ww Lol : 4 . iS . a oy 
O05) SOS ho! OS ) 
Zi4\e4 lala iai aA 
Bay County. bbls, feet. 
ohn McGraw & Co., Portsmouth...| 43,837 | $25,000 | 1; 10 3} I00o Steam. 
a Watrous & Son, os ete 8,471 20,000 | 1| 4 I} 000 oe 
A. Miller, a ...| 48,812 60,000 | 2} 9 4| xoso| ‘* 
S. McLean & Son, Bay (Citynereenen 25,135 | 50,000 | 3] 8 2 EEXORO |e 
S. H. Webster, Mo teens 15,981 20,000 | 1] 5 I] ogo] ‘* 
fe Rust & Co., y Sedorac 27,134 | 20,000 | 1 B 2| ooo Steam and Pan. 
ayy Bae ae Tt) oeoeueo New 20,000 | 1| 5 I} 1036 Steam. 
Sea eas ey Ory eee ees 29,264 30,000 | 2} 7 2| 000 i 
illiam Peter, So0csec||  auypcote 20,000 | 1} 6 I| zo47|_ “* 
Eddy, Avery & Cor, Bay Cityiceec nice 35,292 35,000 | 2] 3 3 3] zr050,\Steam and Pan. 
H. M. Bradley & Co. ae Beadcoo|| — mAs) 20,000 | 1| 5 I tooo) Steam. 
Pitts & GCranagesay FSS th 2ee8 23,292 25,000 | 1| 5 2} g6o 
ee Gas and Water Pipe Cols Bay a x ae 
hop emoceeopescosbucecaudpocecn 11,660 20,000 | I 2 I 740 oteam an an. 
Raison & Arnold, Bay City piston es 10,135 25,000 | 1] 5 2 oe lseeaert 
Chapin & Barber, Be beeeeras: 31,096 20,000 | 2| 5| 60 2| 938 Steam & Kettles. 
Eee & Co., ss.---:-.| 26,796 | 25,000 | 2| 6] 60 AN Bixe)|_ oe 
ae n Mc wens 8) cecen ae 14,52 20,000 | I} 4 I 935|Steam. 
antic SaltCo., 9 sss. 2,563 | 58,000 | x 60} | 404] 2)  800/Kettles and Solar. 
i P. Hall, FL. pboebeane Wew 20,000 | z| 4 I 823/Steam. 
Sarin & Con Re Cae teeey 15,32 20,000 | 1| 4 2) 735 - 
Moors | Erie anks,........... 3,791 20,000 | 1] 3 2} 830 
TEP lon eiModiehee eo ee eer i moo 2 AS ayy 
Site ANGI. aracoen 4,781 25,000 | 1| 2 2|  840,Steam and Pan. 
How Sea L. & Salt Co., Banks...... 6,196 20,000 | 1] 3 I 980 Steam. 
see See & oa Warns ctaralotesetcis 51,989 40,000 | I| IO 4| 020 ce 
Woes ee alzburg............ New 20,000 | 1; 4 I} 1023} 
AGTACHBLOSia Eh eee Posen 5,060 10,000 | | 3 I} 1000 Kettles. 
L. L. Hotchkiss & Co., Salzburg.... 8,728"| 20,000 | xj 5 = 1} 1013 Steam. 
Sacinaw Co. 
East Sag. Salt Mf. Co., E.Saginaw...| 30,208 | 110,000 | 3 120) | 493) 3| 806 Kettles and Solar. 
A. P. Brewer, i ...| 18,960 | 25,c00 | 1] 5/ 2 Steam. 
we Eee Eyck, - dine 5,705 15,000 | 1] 3 I % 
x mer astman, ie ...| New 20,000 | 1} 6 I 
ears & Holland, i See 223050 75,000 | 2} 7 3 2) 750 Steam and Pan. 
eT bempson & Camp, ms --.| 1I5,240,| 20,000 | z| 4 I 750 Steam. 
ae am & Still, a bad 3.329 15,000 | 1| 3 I qe, 
ebhart & Estabrook, ; --.| New 20,000 | I} 5 S20 |e 
George Rust & Co., - cacl| Dieyoyfine 20,000 | 1| 6 a Ba) 
Eaton, Potter & Co. i ore 4,515 z0,000 | 60 1} 825) Kettles. 
Bundy & Youmans, or wool) LASTS 15,000 | zr 60 7 |autS 20 | eae 
H. Beschke, Cs New 10,000 | I | 2 ri 828 Pans. 
Sturtevant & Green, Saginaw City. 21,907 30,000 | 2) 5 60) 2| 830Steam & Kettles, 
ewitt & Lockwood, * ..| 15,848 | 20,000 | 2) 4] 60) 2 oe a 
arnard & Binder, ees) 20530700] 50,000) 2)/) 4) 2 3| . 830/Steam and Pan, 
Conrad Kull, ot ool) aie ep 10,000 | 1 60 1} 802! Kettles. 
Geo. F. Williams & Bro., os --.| 16,168 20,000 | I 3 x| 800! Pans. 
Cole Breoners ee 2 were 55319 10,000 | 1] 3 1/770 Steam. 
Nene, Sat Cu, oe | eee eccltahi. Al abe 
Ghleteo wae? orence........ oe alee 4 120 2 800 Betiless 
5 pose ac ns. 
H. B. Allen, Carrollton Scaabeaecce vee Fe ee 1 2 al] Glee) 
= F. Gould, * CO ROE A ae 11,350 20,000 | 1| 5 2| 800/Steam. , 
= Jerome 2 Co., Go ttt tees 19,350 25,000 | T 2 1} , 746|Pans. 
Hpaetaae &Co., Carroliton.. fA Nene ele ‘ee alee met 
Saginaw Valley Salt Co. Se sci 5,000 ae 2 120 I te os 
H. P. Lyon & Co., Se octal ete evr: 20,000 | 2 60 500] 1 Kettles and Solar. 
A. J. Bliss & Bro., Zilwaukie.......| 17,431 20,000 | 2] 5 2 2| 835|Steam and Pans. 
John F. Driggs & icon mien Bh ettetets 55153 25,000 | 2 | 60 2 x! 840!Kettles and Pans. 
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ZIZ|A4|4Z4|4/4/ A 
Rust, Eaton & Co.,, Zilwaukee.... .| 23,432 25,000 | 2} 4) 60 1| 800/Steam. 
New York and Mich. Solar Salt Co., 
ZEAE RIOR E Me geome beach oe ce Sout Oe 13,877 | 270,000 4 2695| 3|  860/Steam and Solar. 
W. R. Burt & Co., Melbourne....... 49,117 75,000 8 4| 950|Steam and Pan. 
LAKE SHORE. 
Frank Crawford,Caseville, Huron Co.| 29,065 30,000 | 2] 3 3 3] 1760} “* We 
Pigeon River Furnace Co., Caseville. 5,206 30,000 | 1] 6 I| 1760|/Steam. 
Ayres & Co., Port Austin. Saher Seteieetes 13,994 20,000 | I 3 z| 1198|Pans. 
New River Salt Co., New River...| 6,964 15,000 | I 3 I oe 
Port Hope Salt Co., Port Hope..... 14,883 20,000 | I 3 |  gis]) 
Jenks & Co.,Sand Beach........... New 20,000 | 1 3 al] gfe} 
Thomson & Bro. , White Rock...... 32,414 20,000 | I 6 all asi] 
Grant & Son, East Tawas, Tosco Co.|Not run. 20,000 | 1] 4 I] go5|Steam 
Weekes Bros., ee 8,895 25,000 | I} 4 I al Gas] 
Loud, Gay & Co., Oscoda.. | New 50,000 | 1] g 3|| 1z03|— 
Smith, Kelly & Dwight, Oscoda ...| New 25,000 | I] -4 I| 070] ‘“* 
Motalseeetewec eens |1,081 5 2,216,000 '95. 24. 1310] 55 4092 219 


SYSTEM OF INSPECTION. 


The irregularities that crept into the manufacture of salt, deterio- 
rating its quality and value, soon made it evident that some system 
of inspection should have to be adopted to protect the careful 
manufacturer against the ignorance and carelessness of others. 

As early as the year 1865, a system of local inspection was adopt- 
ed by a number of the salt manufacturers, which had a tendency to 
improve a portion of the salt product. The inspection, however, 
not being a general one, and there being no State law by which of- 
fenders could be punished, the effectiveness of the inspection was 
greatly diminished, and it soon became evident that some more 
stringent system, backed by a State law, would be the only way to 
secure uniformity of manufacture. 

To meet this point, a committee of the then existing Saginaw and 
Bay Salt Association was appointed in 1868 to draft a law meeting 
the wants of the salt manufacturers. The law as perfected by the 
Association was presented at the next session of the State Legisla- 
ture and passed by them—approved March 6th, 1869, and amended 
by an Act approved April 16th, 1875. 


AN ACT TO REGULATE THE MANUFACTURE AND PROVIDE 
FOR THE INSPECTION OF SALT. 


SECTION 1. The People of the State of Michigan enact, That no salt 
manufactured in this State after this act takes effect shall be sold 
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within the State, nor exported therefrom, until the same shall first 
be duly inspected, as provided in this act. Any person who shall 
violate the provisions of this section shall pay, for the use of the 
people of this State, as a fine, the sum of twenty cents for each 
bushel of salt sold or exported, contrary to the provisions of this 
act. In case any manufacturer of salt shall knowingly sell, or ex- 
port, or permit to be sold or exported, salt, contrary to the provi- 
sions of this act, he shall, on conviction thereof, be liable to a fine 
not exceeding one thousand dollars, or imprisonment in the county 
jail not exceeding ninety days; Provided, That nothing in this act 
shall apply to any salt packed and in the hands of dealers when this 
act takes effect. 

SEc. 2. Immediately after the passage of this act, and every six 

years thereafter, there shall be appointed by the Governor of this 
State, by and with the advice and consent of the Senate, an In- 
spector of Salt, who shall be a person of competent skill and ability, 
and who shall hold his office for six years and until his successor 
shall be appointed and qualified, unless sooner removed for cause. 
He shall at all times be subject to removal by the Governor, for 
cause; and in addition to other causes which may arise, incom- 
petency, or inefficiency in the performance of the duties de- 
volved on him by this act, shall be deemed good cause for re- 
moval. In case of vacancy in the office, it shall be the duty of 
the Governor to fill the same, by appointment, immediately upon 
receiving notice thereof, and such appointment shall hold until 
the close of the next session of the Senate, and in the mean 
time the Governor shall, with the consent of the Senate, appoint 
to fill the vacancy, for the unexpired portion of the term. 
' Sec. 3. Immediately after his appointment and qualification, the 
inspector shall divide the salt-making territory of this State into so 
many inspection districts as he may judge necessary, and shall ap- 
point for each district one or more competent and efficient deputy 
inspectors, who shall hold office at the pleasure of the inspector, 
and for whose acts he shall be responsible. Such districts may be 
changed from time to time, as may be necessary. The inspector 
shall give his entire time, skill,and attention to the duties of his 
office, and shall not be engaged in any other business or occupa- 
tion. 
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SEc. 4. The inspector shall be entitled to receive an annual salary 
of twenty hundred dollars. He shall also be allowed the further 
sum of five hundred dollars annually for the expenses of providing 
and furnishing his office, and for clerk hire, stationery, books, print- 
ing, and travelling expenses. His deputies shall be entitled to 
such sums, in each case, as he may approve, not exceeding in any 
case the sum of one hundred dollars per month for the time actual- 
ly employed. All salaries and expenses provided for by this act 
shall be retained by the inspector out of the money received under 
Section 5 of this act, and accounted for, and paid out by him as 
provided in this act: salaries to be paid monthly. 

SEC. 5. Each person, firm, company, and corporation, engaged in 
the manufacture of salt, or for whom any salt shall be inspected, 
shall from time to time, as salt is inspected or offered for inspection, 
pay, on demand, to the inspector, or the deputy of the district 
where the salt is inspected, three mills for each bushel of salt 
inspected or offered for inspection; Proveded, That the same may 
_ be required to be paid in advance; And provided further, That but 
one inspection fee shall be paid upon the same salt. In case any 
person, firm, company, or corporation shall neglect or refuse to pay 
such inspection fees, on demand, at his, their, or its office or manu- 
factory, the party so refusing shall be liable to an action therefor, 
in the name of the inspector, and the certificate of inspection, with 
proof of the signature of the inspector, or deputy giving the same, 
shall be przma facie proof of the liability and the extent of the 
liability of the party so in default; and it shall be lawful for the 
inspector and his deputies to refuse to inspect salt manufactured 
_ at the works so in default until the amount due is paid. All money 
received by or paid to any deputy inspector under this section shall 
be forthwith paid to the inspector. The inspector shall keep just 
and true accounts of all money received under this section, and an 
account of the amounts received from or paid by each person, firm, 
company, and corporation engaged in the manufacture of salt, and 
all other things appertaining to the duties of the office, and the 
said books and accounts shall always, during office hours, be sub- 
ject to the inspection and examination of any person who may wish 
to examine them, shall be deemed the books of the office, and shall 
be handed over to his successor in office, together with all the 
money and effects appertaining to the office. 
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SEc. 6. The inspector shall, before entering upon the duties of 
his office, take the oath prescribed by the constitution of this 
State, which oath shall be filed in the office of the Secretary of 
State. He shall also execute a bond to the people of this State, 
in the penal sum of ten thousand dollars, conditioned for the faith- 
ful performance of the duties of his office, which bond shall have 
at least two sureties, and shall be subject to the approval of the 
State Treasurer, and when approved shall be by such Treasurer 
filed and deposited in his office; and the inspector shall renew his 
bond every year. Any person or corporation injured by the neg- 
lect or default of such inspector, or by his misfeasance in office, 
or by the neglect, default, or misfeasance of any of his deputies, 
may maintain an action on such bond, in the name of the people, 
for the use of the party prosecuting, and shall be entitled to recover 
the full amount of damages sustained. 

SEC. 7. Each of the deputies appointed by the inspector shall 
take the oath of office prescribed by the constitution, and shall give 
bond to the inspector in such sum, and with such sureties as he may 
approve, conditioned for the faithful performance of his duties as 
such deputy; and incase said inspector shall be obliged to pay any 
sum for the neglect or default or misfeasance of any deputy, he 
may recover of such deputy and his sureties on such bond the 
amount he was obliged to pay, with accruing costs. 

SEc. 8. The inspector shall keep his principal office in either 
Saginaw or Bay County, and the deputy for the district in which 
such office is located may occupy the same office. This office shall 
be kept open at all times during business hours. All the books, 
records, and accounts shall be kept at this office, and each deputy 
shall, at least once in each week, make written report, by mail or 
otherwise, to the inspector, of the salt inspected by him during the 
week, stating for whom, and the quality and quantity thereof. 
Abstracts of these reports shall be entered in books provided for 
that purpose. Said inspector shall, in proper books, keep a full re- 
cord and account of all his transactions ; and such books shall also 
be open for the’examination of all persons wishing to examine the 
same during office hours. 

SEc. 9. The inspector shall not be in any way concerned in the 
manufacturing or selling of salt, or have any interest whatever, 
directly or indirectly, in any salt manufactory or erection for manu- 
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facturing salt in the State of Michigan, or in the profits of any such 
manufactory. 

SEC. 10. It shall be the duty of the deputy, in each district, to 
visit, once in each day, Sundays excepted, each salt manufactory 
in his district, when in operation, and to ascertain if there be there- 
in any salt of bad quality, and such as ought not to pass inspection. 

SEC. I1. It shall be the duty of the inspector in person to visit 
the manufactories in which salt is made, that may be in operation, 
in the different districts, as often as practicable. 

SEC. 12. The inspector or deputy, at each visit, as provided in 
this act, shall carefully examine the salt in the bins, and the brine 
in kettles, or pans, or vats, in which the salt is manufactured. 
If the salt in the bins or any part thereof is of bad quality and such 
as ought not to pass inspection, or if the brine in the kettles, or 
pans, or graining vats has not been cleansed, he will direct and see 
that the owner, or occupant, or boiler, or other person having 
charge of the manufactory, remove the bad salt from the bin and 
place it with second-quality salt, or throw it among the bitterns, as 
the inspector or deputy may direct, and that the impure brine in 
the kettles, or pans, or graining vats be thrown out, and new brine 
substituted. 

SEC. 13. No lime nor lime-water shall be used by any person in 
the manufacture of salt, in the kettles or pans, or graining vats, 
used for manufacturing, under a penalty of twenty-five dollars and 
costs for each offence, to be sued for in the name of the people of 
this State ; Provided, That iron vessels used in the manufacture of 
salt may be whitewashed, when cool, to prevent the accumulation 
of rust. 

SEC. 14. Every person desiring to have salt inspected shall apply 
to the inspector or deputy inspector of the district where the same 
shall be, which inspector or deputy inspector shall thereupon 
actually examine the salt so offered for inspection, in the package in 
which the same may then be. 

SEC. 15. To facilitate such examination, it shall be the duty of 
the person or company offering the salt for inspection, to unhead 
or bore the barrel, or to open the bag or other package in which 
the salt is contained, as may be directed by the inspector or deputy 
inspector, so as to expose the salt to his touch, view, and examina- 
tion. 
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SEC. 16. The inspector or deputy inspector shall not pass any 
salt as good unless he shall find it to be well made, free from dirt, 
filth and stones, and from admixture of lime, or ashes of wood, and 
of any other substance which is injurious to salt, fully drained from 
pickle, the bitterns properly extracted therefrom, and manufac- 
tured as directed by this act and by the rules and regulations of 
the inspector. 

SEC. 17. The person or company offering the same for inspec- 
tion shall in all cases provide the necessary force to lift the salt while 
the inspector or deputy weighs or measures it, and shall also 
furnish the necessary help and material to brand the salt for and 
under the direction of the inspector or deputy inspector. 

SEc. 18. Each manufacturer shall providea scale or balance at his 
works, to be examined from time to time, and approved by the in- 
spector, in which all the salt offered for inspection at his works 
may be weighed. 

SEC. 19. Each inspector or deputy shall deliver to the party for 
whom he shall inspect salt, a certificate of the quantity and quality 
inspected, and shall thereupon direct the employés of the manu- 
facturer to brand or mark, under his personal supervision, with dur- 
able paint the package containing the salt so inspected, with the 
surname of the inspector at length and the initials of his Christian 
name, with addition of the word inspector, in letters at least one inch 
in length, and shall also cause to be marked or branded by the em- 
ployés of the manufacturer, upon the head of the barrel, cask, or 
package, the weight prescribed for such barrel, cask, or package by 
the inspector, when such weights are in conformity to the rules and 
regulations prescribed by the inspector in that regard ; and if such 
weights do not correspond to the rules and regulations, he shall 
cause the same to be repacked so as to conform thereto. 

Sec. 20. If the said salt shall be put up in barrels, it shall not 
be marked unless the barrels are thoroughly seasoned, stout, and 
well made, with such number of hoops as shall be prescribed by 
the inspector, to be well nailed and secured. 

SEC. 21. Every person who shall falsely or fraudulently make or 
counterfeit, or cause to be made or counterfeited, or knowingly aid 
and assist the false or fraudulent making or counterfeiting the mark 
or brand of any inspector or deputy inspector, on any package con- 
taining salt, shall be deemed guilty of felony, and on conviction 
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thereof shall be subject to a fine of not less than one hundred nor 
more than one thousand dollars, or be imprisoned in the State 
prison for a term not less than one nor more than six years, or 
both, in the discretion of the court. 

.SEC. 22. No manufacturer or other person shall pack, or cause 
to be packed, in barrels, casks, boxes, or sacks, any salt, until an in- 
spector shall have determined, upon actual examination, that the 
same is sufficiently drained of pickle, and otherwise fit to pack. 

SEC. 23. The inspector and his deputies, in their daily examina- 
tion of the several salt manufactories, shall examine all bins of salt, 
for the purpose of ascertaining whether any salt is packed contrary 
to the provisions of the last foregoing section. 

SEC. 24.. If any manufacturer or other person shall pack any salt 

before the inspector or one of his deputies shall have determined 
that it is fit for packing, he shall forfeit the sum of twenty-five 
cents for every bushel of salt so packed. 
' SEc. 25. Barrels, casks, or sacks in which salt shall have been 
packed and inspected, shall not again be used for the packing of 
salt therein, until the marks or brands made by the inspector shall 
be first cut out or removed ; and if any person shall pack, or cause 
to be packed, or shall aid or assist in packing any uninspected salt in 
any such barrels, casks, or sacks, without first cutting out or remov- 
ing such marks or brands, he shall forfeit, for every bushel of salt 
so packed, the sum of one dollar. 

SEc. 26. It shall be the duty of every manufacturer to brand or 
mark with durable paint every cask or barrel of salt manufactured 
by him, with the surname at full length of the proprietor or owner 
of the manufactory at which the same shall have been made, and 
the initial letters of his Christian name, and if the same shall have 
been manufactured for a company or association of individuals, 
he shall mark or brand, in like manner, upon every such cask or bar- 
rel, the name by which the company is usually called ; Provided, 
That no second-quality salt shall be so marked. 

SEC. 27. No inspector or deputy inspector shall inspect or pass 
any barrel, cask, box, or sack of salt which shall not be marked or 
branded in the manner prescribed in the last section, and the in- 
spector or deputy shall not affix his brand to any barrel of salt 
which shall not have been so branded by the manufacturer offering 
the same for inspection ; Provided, That none of the provisions of 
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this section shall apply to second-quality salt ; And provided further, 
That the inspector may, by regulations prescribed by him, provide 
that both the brand of the manufacturer and that of the inspector 
shall be put upon each package at the same time. 

SEC. 28. Salt of an inferior quality—dirty, damaged, or condemn- 
ed-—may be sold loose, or in bulk, by the manufacturer thereof, at 
the works, the inspector making bills of the same, designating the 
quantity by weight, as in ordinary cases, and distinguishing the 
same as “second quality ;” or such inferior salt may be packed in 
barrels, boxes, casks, or sacks, and branded by the inspector with 
the words “ second-quality salt,” in plain letters not less than one 
inch in length, and such inspector shall add the initials of his name, 
and no other or different brand shall be placed thereon; and said 
second-quality salt, subject to the provisions of this section, may 
be sold or exported by the owner as such. 

SEC. 29. Every person who shall forge or counterfeit the name so 
required to be put on by the manufacturer, or shall cause or pro- 
cure to be put on any barrel or cask in which salt shall be packed 
the name of any person other than that which properly should be 
placed thereon, according to the provisions of this act, shall, for 
every such barrel, cask, or sack, forfeit the sum of one hundred dol- 
lars, and shall also be liable for all damages to the party aggrieved. 

SEc. 30. The inspector shall, by regulation, from time to time, 
specify the quantity of salt that shall be contained in bags or other 
packages which shall be offered for inspection; and it shall not be 
lawful for him to authorize the inspector's brand to be placed upon 
any package that does not correspond with said regulation. 

SEC. 31. The inspector shall, by regulation, require that all 
ground salt manufactured and put up for the market shall be legi- 
bly marked on each keg, box, sack, bag, or other package contain- 
ing the same, with the words “ ground solar,” or “ ground boiled,” 
or “ground steam,” or “ground Chapin,” as the fact may be; 
such marking to be done in letters of not less than an inch in 
length. 

SEc. 32. If the inspector shall consent to, connive at, aid or abet 
the smuggling of salt, or the transportation of the same away, so as 
to evade the inspection thereof, or shall accept of any bribe, or sum 
of money, or any gift or reward whatsoever, upon any express or 
secret or implied trust, or confidence that he shall connive at, or 
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consent to any evasion of the laws for the inspection of salt, 
such inspector shall forfeit his office, and pay to the use of the 
people of this State the sum of one thousand dollars. 

SEc. 33. If any deputy inspector shall be guilty of the offences 
specified in the last section, or any of them, the inspector appointing 
such deputy shall forfeit to the use of the people of this State the 
sum of two hundred and fifty dollars, for the recovery of which his 
bond shall be put in suit. 

SEC. 34. The inspector and each of his deputies shall be exempt 
from serving on juries, and from all military service, except in case 
of actual invasion or insurrection ; and the commission or appoint- 
ment in writing of any such officer or deputy shall be evidence of 
the facts stated therein. 

SEC. 35. The inspector shall have power, from time to time, to 
make and ordain such necessary rules and regulations as he may 
deem expedient, concerning— 

first. The manufacturing and inspection of salt not inconsistent 
with the provisions of this act. : 

Second. The daily examination, and the reporting by his deputies, 
of the operation and extent of the several salt manufactories, so as 
to determine whether the quantity of salt inspected at each manu- 
factory is equal to the quantity actually manufactured thereat. 

Third. The districting of the salt-making territory in this State, 
and the duties of his deputies under this act, and he may alter and 
revoke such rules and regulations at his pleasure. 

SEc. 36. The inspector shall have power to annex penalties, not 
exceeding ten dollars in any case, to the violation of such rules and 
regulations. Such rules and regulations shall be printed and posted 
up in the office of the inspector, and in each manufactory, and pub- 
lished at least once in some newspaper in each county where salt is 
manufactured, and shall, after they have been posted and published 
as aforesaid for one week, be binding upon all persons concerned. 

SEc. 37. It shall be the duty of the inspector and of his deputies, 
‘upon being applied to by any manufacturer to inspect salt in his 
district, to inspect the same forthwith ; and in no case shall the in- 
spector or any deputy delay the inspection of salt beyond twelve 
hours of daylight, excluding Sundays, after such application, unless 
such manufacturer shall consent to the delay. For a violation. of 
this section by the inspector, or any one of his deputies, the in- 

14 


210 LOWER PENINSULA. 


spector and his sureties shall be liable to the party aggrieved in the 
sum of fifty dollars over and beyond all actual damages sustained. 

SEc. 38. Nothing contained in this act shall be construed so as to 
prevent the sale or exportation of the bitterns from any manufac- 
tory of salt,such bitterns to be sold or exported in bulk, or if in 
casks or barrels, to be branded as bitterns, and sold or exported as 
such. 

SEC. 39. In case of any vacancy, from any cause, in the office of 
the inspector, the deputy who has been longest continuously in 
office shall possess the powers and perform the duties of inspector 
until such vacancy shall be filled; and the bond of the inspector 
and his sureties shall continue to be liable for the acts of all the 
deputies, until such vacancy shall be filled. 

SeEc. 40. The inspector shall annually, inthe month of December, 
and on or before the fifteenth day thereof, make a report to the 
Governor of this State, which shall contain— 

First. The number of districts into which the salt-producing ter- 
ritory of this State may then be divided, with the name and locali- 
ty of each, and the number and capacity of the works of each 
district. 

Second. The quantity and quality of salt inspected in each dis- 
trict during the preceding year. 

Third. The amount received and expenses incurred under this 
act for the preceding year, in detail. 

Fourth. Such suggestions and recommendations as he may think 
proper to make concerning the manufacture of salt, and the opera- 
tion of the inspection laws upon the same, and as to what further 
legislation on the subject, if any, would be advisable. A copy of 
such report shall be published immediately after its date, in some 
newspaper in the Saginaw valley. 

SEc. 41. The inspector shall establish a grade of “ fine” salt, he 
grain of which shall be at least as fine as the average grain of salt 
madein kettles. He shall cause the word “fine” to be marked on the 
packages containing such salt, in large letters, and the word “ fine,” 
with or without qualification, shall not, under any circumstances, be 
placed on salt of coarse grain; but all other grades shall be des- 
ignated on the packages by some truly descriptive mark or brand, 
and the inspector may mark salt “second quality” for imperfect 
grain, as well.as for any other defect. 
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SEc. 42. Nothing in this act contained shall be construed to pre- 
vent the sale or shipment of salt in bulk, after the same shall have 
been duly inspected and a certificate thereof given by said inspec- 
‘tor or any deputy; and nothing in this act shall be construed to 
prevent manufacturers from putting such private trade-mark or 
brand on their salt as they may see fit ; Provided, It contains no un- 
truth or statement calculated or intended to deceive the purchaser. 

SEC. 43. In case the inspector shall, at the time of making any 
annual report, have a surplus of money arising from the inspection 
fees, in this act provided for, in his hands, he shall apportion back 
and pay such surplus to the persons, firms, or corporations for whom 
salt has been inspected during the last preceding year, in propor- 
tion to the amounts paid by them respectively for inspection fees. 


RULES AND REGULATIONS ORDAINED BY STATE INSPECTOR 
OF SALT. 

1. It is hereby Ordained, that, in the manufacture of salt by fire 
heat, the brine when received into the cistern shall remain at least 
forty-eight hours after the first plunging before it shall be drawn 
thence into the kettles or pans. The use of lime or any other sub- 
stance in the manufacture of salt, by being mixed with or added to 
the water in any stage of the process, without permission of the in- 
spector, is hereby expressly forbidden. 

2. The cisterns of each block shall be thoroughly cleansed at 
the opening of the manufacturing season, and as often and when- 
ever it may be required afterward by the inspector, and it is re- 
quired that each block shall have at least four cisterns of the ordi- 
- mary capacity. 

3. The connections by which water shall be drawn from the cis- 
terns into the blocks shall be inserted so as to receive the water at 
least six inches above the bottom of the cisterns. 

4. Each manufacturer shall provide a good basket, of sufficient 
capacity to hold one entire drawing for each kettle in operation, 
into which the salt shall be drawn and there remain over the kettle 
for thorough drainage before being discharged into the bin, and the 
basket shall be well cleansed before being replaced over the kettle, 
and such salt shall remain in full view until the inspector, in his 
daily examination, shall have an opportunity to see it before it is 
broken to pieces. 
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5. The bins shall be kept clean and no salt put therein except 
such as is of first quality. After a bin has been emptied, it shall be 
washed out and so cleansed that the opening in it shall admit of 
the proper drainage of the salt. The floor of all salt houses shall 
be raised at least six inches from the ground to allow drainage, and © 
there shall be a sufficient number of bins attached to each block, of 
convenient size, for storage of all the salt which may be made at 
such block while it is undergoing the process of drainage. 

6. All salt shall stand in the bins at least fourteen days before 
packing, and the term will be taken to commence from the last dis- 
charge of wet salt into the bin. Salt in the bins shall be levelled 
off evenly at the top and so kept; nor will the packing of any such 
salt be allowed until the same has been declared fit for that pur- 
pose, upon actual examination by the inspector; and the packing 
of any salt without express permission, although fourteen days may 
have expired, will not be allowed. 

7. Whenever it shall be found that salt has been pickled, or 
otherwise packed in a wet condition, so that the barrels will drain, 
it will have to be emptied again, and the persons packing such salt 
will be held liable to a penalty of ten dollars for each and every 
offence. 

8. It is hereby declared unlawful for any manufacturer, boiler, 
or packer of salt, or any other person by their permission or pro- 
curement, to throw water upon or otherwise wet any salt in the 
bin or in the barrel before, whilst, or after packing the same; and 
the same is expressly forbidden. Any person so offending shall for- 
feit and pay a fine of ten dollars for each and every offence. Nor 
shall any such person discharge any wet salt into the bins or upon 
salt previously deposited therein, under a penalty of ten dollars. 

g. Salt of an inferior quality that has been condemned by the 
inspector may be sold in bulk as “second quality,” and if packed 
must be branded in large letters “second quality,” payment of dues 
being made in the usual manner. 

Every manufacturer of salt shall be provided with a suitable 
place of deposit for ‘second quality” and “ refuse” salt, where the 
same shall be discharged and shall remain subject to the observa- 
‘tion of the inspector ; and such inferior salt shall not be mixed with 
nor sold as best salt. Whenever required by the inspector, the 
person in charge of a manufactory shall cause any wet or inferior 
salt to be removed to the place of deposit for such salt, or, at his 
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option, and in his presence, may return the same to the cisterns to 
be dissolved. 

10. The quantity that may be packed in each barrel shall be 280 
Ibs. of salt. Solar, ground, dairy, and table salt may be packed in 
_ quantities of 280 or 320 lbs., at the option of the manufacturer, and 
the latter qualities, if intended for market, in sacks, may be packed 
in barrels, in sacks, or put in barrels with the empty sacks. The 
tare of barrels is fixed at 22 lbs. for staves of soft and 25 lbs. for 
staves of hard wood. 

11. Each packer shall make a hole ¢ inch in diameter in one 
head of each barrel packed, for the convenience of the inspector, 
and shall aid the inspector at all times in weighing the packages 
of salt. 

12. All ground salt manufactured and put up for the market 
shall be legibly marked on each keg, box, sack, bag, or other pack 
age containing the same, with the words “ ground solar,” “ ground 
steam,” as the fact may be, such marking to be done in letters. 

13. The average grain of salt boiled in kettles shall be the 
standard of “fine salt,’ and shall be branded as such. All salt 
coarser than the average grain of kettle salt manufactured by 
Chapin, steam, pan, or other process, shall be branded “ packers,” 
and the coarsest salt made by same processes shall be branded “ C 
packers C.” Solar salt shall be branded “ solar,” and if screened the 
two qualities shall be designated “C solar C”’ for coarse, and “ F 
solar F”’ for finer. No salt shall have these brands unless of first 
quality, of its respective grain in all respects. Salt discolored in the 
manufacture or from any cause not of first quality shall be branded 
“second quality” in letters two inches in length, and have no other 
inspection-mark. But the manufacturer may work all such salt 
over again if preferred. Lower grades of salt may be put in old 
barrels, and-shall be branded “ refuse” without other marks. 

14. Every manufacturer shall keep his premises used for the 
storage of salt in packages in a neat and clean condition, so that 
salt, while awaiting inspection or shipment, shall not be liable to be 
rendered wet or dirty, and shall keep the same protected from the 
weather; and all salt not kept in a state of preservation, and neatly 
and carefully packed in tiers not more than three barrels high, so 
as to remain in sound, merchantable condition, after the same has 
been inspected and branded, shall be repacked or otherwise disposed 
of according to its quality. 
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18. For any neglect or refusal to comply with either or any of 
the foregoing rules or regulations, or for any evasion or violation 
of the same, on the part of the manufacturers of fine or steam 
salt, or any person or persons in their employ, a penalty of ten 
dollars is hereby imposed, to be paid to the inspector or his depu- 
ties, on demand or record in a court of justice, with costs as pro- 
vided by law. All the regulations shall be held to apply to the 
manufacturer of salt by other processes than boiling in kettles. 

Ig. All salt finer than the average grain of fine salt may be 
branded “ Dairy Salt,” if found of sufficient purity, after having 
been submitted to a chemical analysis, otherwise no salt shall be 
branded “ Dairy Salt.” 

The salt-producing territory of Michigan has been divided by 
the State Inspector of Salt into ten inspection districts, as follows: 


District No. 1, East Saginaw. 


ae “« 2, Saginaw City. 

© 2.3, Carrollton. 

a “« 4, Zilwaukie and Melbourne. 
s “« 5, Portsmouth and Bay. 


ee ““ 6, Bay and Essexville. 
S “« 7, Salzburg, Wenona, and Banks. 
S “ 8, Caseville, Port Austin, New River, and Port Hope, 


Huron Co. 
oy ** g, Sand Beach and White Rock, Huron Co. 
“ “10, Oscoda and East Tawas, Iosco Co. 


The salt-producing capacity of the State is 1,800,000 barrels, or 
9,000,000 bushels. 

Statement of salt made and inspected in the State since the 
establishment of the State inspection law in 1869: 


Comparative statement to 1876. 


1869. 1870. 1871. 
ine salty = aghel semen 513,989 568,326 655,923 
Rackers: salt. i.) eee 12,918 17,869 14,677 
Solar salt, GLEN ai, 15,264 15,507 37,045 
Secondiquwalitay. 4 lan ce. 19,117 19,659 19,930 
Refuse salt, Oe ge ee 8,870 7,018 4,262 


569,688 628,979 732,437 
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1872. 1873. 
Fine salt, barrelo: stew ac G72,03An) 7A0.702 
Packers’ salt, Aes ti cae II,IIO 23,671 
Solar salt, paar Se 21,401 32,207 


Sccond-quality salts (6 3. .5u, ak» 19,876 20,706 


724,481 823,346 


1874. 1875. 
Fine salt, pannel s tre ssneta 960,757 1,027,886 
Packers’ salt, CES ae m2 20,090 10,233 
Solar salt, Winter. On aes 29,391 24,330 
Second-quality salt, “24a... 9. 16,741 19,410 


1,026,979 1,081,865 


PRICES—MARKET PROSPECTS. 


Statement of prices of salt received by the East Salt Manufac- 
turing Company of East Saginaw: 


CER Me eM ATKel NOOO mis Din 5iGrss em d ol Hot sien eqecees $1 80 
Arya STO eee. a tet deta Masks A ne ARE ae 177, 
SN HI satin 7,0) 0 Yo MARGE AI Nae RENE Ray a) tt I 85 
ce aC et UCOOR cite hrc teen ng ete ine aeke I 58 
“ eG poe WLS Oi aens alana oun Ok Bie 8 Jeb ie 32 
“ “ He sa a actin es Pene ees abe cece I 46 
enc LR i172) canara Sa a one Oe mare I 46 
“a OAT chy te se Tt sat aR 137, 
“ WG MMO Aoi csncRotl Maroc hs Las terieetcte Sle I 19 
ie ee pee 25 ices. ere Waste ia aan Asidaoje cata I 10 


The markets for Michigan salt are the States of Ohio, New York, 
and Indiana, and through the entry ports of Buffalo, Erie, Ashta- 
bula, Cleveland, Sandusky, and Toledo; throughout the West and 
Northwest, through the ports of Chicago, Milwaukee, and Duluth. 

The prospects for an increased demand for Michigan salt are im- 
proving every year; and as long as a system of inspection is main- 
tained, and a proper care is exercised by the manufacturer in the 
making of salt, this condition of the markets must continue. 
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‘COLLATERAL PRODUCTS OF MICHIGAN BRINES. 


As shown by the chemical analyses, Michigan brines contain, be- 
sides salt, percentages of chloride of calcium, chloride of magne- 
sium, and bromide of magnesium. 

Chloride of calcium, which forms the largest proportion of the 
waste mother liquors, after the salt has been extracted from the 
brine, is now having a value for various purposes. Its concentrated 
solution is used as a bath in the putting up of canned fruit. It is 
also employed in the manufacture of chloride of barium and arti- 
ficial sulphate of baryta. . 

In some localities, it has also found very extensive use in the 
manufacture of artificial stones by the Ransom patent. The process 
consists in mixing sand and silicate of soda bya pug mill into a mass 
of putty-like consistency. In this condition, it is pressed into 
moulds of any formand shape. After removing the pattern or mould, 
a strong solution of chloride of calciumis poured overthe moulded 
form, which so hardens the surface that it can be removed toa 
tank containing a solution of chloride of calcium, in which it is 
allowed to remain a certain length of time until the entire form 
becomes perfectly hard. The decomposition which takes place in 
the stone between the silicate of soda and the chloride of calcium 
forming silicate of lime, which is the cementing material. The salt 
produced is afterward washed out by repeated {soakings and wash- 
ings in fresh water. 

Artificial stone made in this way has a fine texture, great dura- 
bility, and when properly and carefully made equals in most 
respects the best varieties of the native sandstone. 

Chloride of magnesium also contained in the mother liquors of 
the salt works is a source for the manufacture of magnesia. A 
caustic solution of lime precipitates the magnesia as a hydrate, 
from which the calcined magnesia can be made by calcination. 
Magnesia finds considerable use in the manufacture of rubber goods 
and in pharmacy. . 

Bromine contained in the brines, as a bromide of magnesium, is 
now being extensively produced from the refuse bitter waters of 
the salt manufacture. Bromine is largely used in the arts and 
pharmacy. The annual American product of bromine is now over 
130,000 pounds. 

The refuse salt obtained from the waste brines has a value as a 
manure, and should find more general use. 
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PALAEON TOLOGY. 


THE stratified rocks forming the surface crust of our globe are 
very frequently found to contain petrified corals, shells of mollusks, 
bones of vertebrates, vegetable remains, or impressions thereof. 

The ancients were already well acquainted with this fact, but up 
to the eighteenth century naturalists and philosophers were greatly 
troubled in seeking for a satisfactory explanation of the origin of 
these peculiar forms, so similar to living organisms, yet made of 
stone. 

One of the first theories on the subject was, that fossils were a 
lusus nature, or play of nature—that is, an effort of nature to pro- 
duce organic forms, a moulding of life shape from inanimate mate- 
rial, without fully accomplishing the task to the final act of the in- 
spiration of life. The Mosaic account of creation is in full accord 
with such views, and it is not at all improbable that Moses, 
or whoever was the writer of the biblical accounts of creation, de- 
rived his first thoughts upon the process of creation from the ob- 
servation of fossils and meditation concerning their origin. It no 
doubt appeared to him more reasonable to accept them rather as 
half-finished work than as the remains of once living bodies, whose 
position within the rock was inexplicable to him; and in analogy 
with this conception, he imagines man created by the double pro- 
cess, first, of moulding his form from earth, and then of the divine 
inspiration of life. 

During the fourteenth century the hypothesis of the origin of 
fossils by /usus nature began to lose credit, and it became generally 
recognized that they were the veritable remains of once living or- 
ganisms. This being acknowledged, the thought of ascribing the 
origin of fossils to the scriptural deluge recommended itself as 
plausible, and they were at once, without critical examination of 
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the correctness of this view, universally believed to be the remains 
of the animals which perished during this catastrophe, which belief 
was obstinately held up to the end of the eighteenth century. At 
that time, with the progress made in natural history, so many facts 
contradicting this theory had accumulated, that it could no longer be 
held. It was clearly recognized that the deluge could not account 
for fossils generally ; that there existed an immense difference in 
the age of fossils, and that a large number of animal and vegetable 
creations came and disappeared again, in long-continued succes- 
sion, involving the lapse of spaces of time far exceeding former 
conceptions of the age of the globe. 

The study of the fossils and of the conditions under which they 
were found threw an entirely new light on the earth’s history. 
Formerly the fossils were mere objects of curiosity ; now they be- 
came important witnesses to a long series of progressive changes 
which the earth must have undergone ages and ages before man 
was created, and before the scriptural deluge could have occurred ; 
of changes which were rarely sudden reversals of the existing condi- 
tions, but which were from the beginning and are now in constant 
quiet action—an endless, shifting motion, destroying here and build- 
ing up there, with a slowness almost imperceptible, but, in the long 
lapse of time, astounding in its effects. The attentive study of fos- 
sils led to the discovery that, in the series of rock beds composing 
the earth’s crust, certain animal forms were confined to a certain 
definite group of strata, which, in ascending to higher beds, disap- 
peared gradually or abruptly, and were replaced by new forms; 
the same changes were noticed to occur frequently in ascending 
higher and higher. It was further ascertained, on examination of 
far remote localities, but built up by an equivalent succession of 
rock beds, that, in the distribution of fossils throughout the strata, 
the same order is found to exist—that is to say, the equivalent 
strata contain in different places the same, or at least very similar 
fossils. By deduction from this rule, we may infer that strata con- 
taining the same fossils have the same relative age; we have in the 
fossils a standard criterion for the determination of a certain geolog- 
ical horizon, irrespective of the character of the rock, which may 
be widely different in remote equivalent beds, and independent of 
direct observation of the succession of the beds, which may be 
hidden from view, or be complicated by irregularities, either through 
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the absence of certain layers, or through the intercalation of new 
ones not observed in other localities under comparison. In the 
fossils we have always an infallible guide, in cases where lithologi- 
cal and stratigraphical characters would leave us in an inextricable 
perplexity, regarding the position of certain strata. 

The value of palzontology, as fundamental to all our geologi- 
cal knowledge, is at present generally understood. Such of the 
States as have instituted a geological survey of their territory 
have shown their appreciation of its importance by making liberal 
provisions by law for a careful collection of fossils, and for the sub- 
sequent description and delineation in their report of all new and 
interesting forms. 

During the progress of the geological survey of Michigan, a rich 
harvest of fossils has been made, the class of corals in particular 
being well represented in the collections. Our law provides that 
due attention shall be paid to the description and figuring of new or 
imperfectly known specimens. The number falling within this cat- 
egory is so great that the limited compass allowed for the present 
report will not admit of their being all described. 

Being compelled, therefore, to makea selection out of the mass of 

material, I proposed to the Geological Board to give a more elab- 
orate treatise on the indigenous fossil corals, omitting all descrip- 
tion of mollusks and other fossil remains treated of and so amply 
illustrated in the reports of other States, while the corals have re- 
ceived comparatively little attention, notwithstanding that they be- 
long to the forms most significant of the age of strata. The Board 
. consented to this plan, and I hope the general reader as well as 
the scientist will not be displeased at being offered a carefully 
elaborated monograph of this class, instead of a superficial descrip- 
tion of a great variety of species from all classes. These were the 
alternatives, as the fixed limits of the volume, as already stated, 
would not permit my entering upon a critical examination of the 
whole field of paleontology. 
_ The species descriptions are illustrated by photographic figures, 
printed by the new Albertotype process. The figures are necessa- 
rily somewhat imperfect, because their convexity would not allow 
their entire surface to be within the proper focus of the instrument. 
Their absolute correctness in other respects, however, compensates 
fully for these unavoidable imperfections. 
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The figures of the plates could not be numbered without great 
inconvenience to the printer, on which account I have adopted a 
rule applying to all, which I think will serve the purpose. 

In all the text references the upper right-hand figure is 1; the 
upper left-hand figure is 2; the lower left-hand figure is 3, and the 
lower right-hand, 4. Some plates have several figures on each of 
their two or four principal divisions. In these cases, to save the 
reader from mistakes and confusion, I have been very explicit in 
my descriptions, in indicating the particular figure referred to. 


aa 


CORALS. 


CORALS are sea animals of low organization. The general struc- 
ture of their body, in the simpler forms, is that of a membranaceous 
bag, frequently plicated into radially arranged folds. This bag has 
only one central opening, which serves both as mouth and anus, 
and is surrounded by a variable number of retractile hollow ten- 
tacles. In the compound forms the individuals are frequently so 
intimately united, that the exact demarkation of one body from the 
other is lost. 

Circulation imperfect, not propelled by a heart. Nervous system 
very rudimentary ; no special organs of senses. Propagation part- 
ly by eggs, forming in the plications within the bag, and ejected at 
maturity through the central opening, partly by buds sprouting 
from the surface, or by division and individualization of single parts 
of the body. Some corals are entirely soft and fleshy; others se- 
crete a horny or stony basal skeleton or domicil, into which the 


- fleshy parts can be partially retracted. All the fossil corals belong 


to this latter tribe, and this stony Polyparium is the only portion 
of them preserved. Soft corals, not capable of preservation, have 
left no traces within the rocks, although, from analogy of present 
conditions with former, we have a right to assume that they 
were not missing in the ancient fauna. 

The systematic arrangements under which corals have been de- 
scribed by various naturalists are very different. 

Milne-Edwards is one of the writers who has paid special atten- 
tion to the fossil forms of corals. I consider it, therefore, for the 
present purpose, most appropriate to adopt his system as a basis. 
It requires, however, important rectifications, which I will make as 
I proceed with my descriptions. 
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CLASSIFICATION OF POLYPES. 


BY MILNE-EDWARDS., 


I. Coratha. 
Il. Hydroida: soft, not represented in fossil condition. 


The Corallia are divided into three orders: 
1. Zoantharia. 
. Alcyonaria. 

3. Podactinaria. 

Of these, the first order includes the principal nate of all the fossil 
corals; the second is only represented by Graptolites, and the third 
has no palzozoic representative. 

The Zoantharia are divided into seven sub-orders : 

1. Malacoderma: soft, not fossil. 

2. Apora: recent coralline forms. 

Milne-Edwards placed the genus Palg@ocyclus with this sub-order, 
but its affinities are decidedly nearer to forms placed in another sub- 
order, the Z. rugosa. 

3. Perforata—Abundantly represented in the mesozoic and re- 
cent coralline fauna, but not in the paleozoic. The genus Protarea, 
placed here by Milne-Edwards, belongs to the next following order, 
the ¢abulata, and the genus Pleurodictium, likewise enumerated 
among the Zoanth. perforata, is created by simply mistaking the 
casts of a Michelinia for a particular type of organization, very ap- 
propriately connected with the specific by-name of “problematicum.” 

4. Tabulata. 

5. Rugosa. 

These last two orders comprise nearly all paleozoic corals, and 
will form the special object of consideration in subsequent pages. 

6. TYubulosa.—An order formed to include the genus Azlopora 
and Pyrgia, both of which genera are in intimate relationship with 
certain types placed under the Zoanth. tabulata, with which I am 
going to describe them. 

7. Zoanth. caulicula—These have no representatives of palzozoic 
date. 

Zoantharia tabulata.—The corals comprehended under this sub- 
order are composed of tubular polyp cells, septate by transverse 
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diaphragms, and radiated by vertical crests, which in some forms 
are very well developed, in others remain in rudimentary condi- 
tion, or are entirely obsolete in individuals. Two principal groups 
of tabulata are distinguished : 

I. Milleporide.—Compound polyparia built up by two structural 
elements; of larger radiated tubes, forming the visceral cavities for 
the animal, and of a coenenchymatose tissue surrounding the tubes, 
likewise either of tubular structure, or of a cellulose vesiculose 
nature. 

Il. Favositide—Compound polyparia formed of aggregated tu- 
bules of equal structure, without intervention of any other tissue 
element between the tube walls. The radiation of the tubes by 
vertical crests is often more rudimentary in its development than 
in the former order of Milleporide. 

The palzozoic forms of the MJzlleportide are represented by the 
genera: Heliolites, Lyellia, and Plasmopora, to which Milne-Edwards 
adds Propora, Battersbyia, and Fistulipora. The latter genus has 
only an external resemblance to the Milleporide. It belongs to the 
Bryozoa, as I have already demonstrated in an essay published in 
1866, in the proceedings of the Academy of Natural Sciences, of 
Philadelphia. 

The genera Propora and Battersbyia I was not able to recognize 
among the American fossils, unless a form which I have provision- 
ally named Houghtonza should be identical with the Propora. 

The second order of Zoanth. tab., the Favositide, is grouped by 
Milne-Edwards into six sub-orders : 

I. Favositine. 2. Chetetinz. 3. Halysitine. 4. Pocilloporine. 
5. Seriatoporine. 6. Thecidee. From these the Chetetine have 
to be eliminated as a type belonging to the Bryozoa. 

The genera arranged under the Pocilloporine, Seriatoporine, and 
Thecideze are in perfect conformity of structure with the Favosi- 
tinze, and I see no reason for their separation from them—with one 
exception, that of the genus Co/umnarza, which is a form of pecu- 
liar type, exhibiting no great affinity with the genus Thecia, which 
has been placed by Milne-Edwards in the same sub-order with it. 

The sub-order Halysitine includes the genera Halysites, Syringo- 
pora, Fletcheria, Thecostegites, and Chonostegites. The latter 
two genera I place under the Favositine as a form intimately 
related in structure to Michelinia. The genus Thecostegites is only 
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created through mistaking compact, short-jointed specimens of 
Syringopora tabulata for the type for a new genus, which assertion 
I shall prove farther on by giving a detailed description of the 
species. I have, in view of the above statements, reduced the six 
sub-orders of Favositide to three, namely, Havositine, Halysitina, 
and Columnari@, under which headings I will describe the genera 
and species found in the State of Michigan, taking the liberty 
sometimes of drawing into the descriptions. specimens found in 
the foreign territory of the neighboring States, when I find it 
necessary for a full illustration of a certain group of organisms, 
of which the material found in the State is too imperfect. In the 
production of photographic figures specially, I had frequently 
to resort to specimens not found in Michigan localities—not that I 
am without indigenous ones of the same order, but because these 
are in a less perfect condition. 
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MILLEPORIDA. 
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LARGE visceral tubes, circular, scarcely or not at all projecting 
above the general surface, radiated by twelve longitudinal crests, 
not reaching the centre, and often being only low, spinulose carinz. 
Numerous transverse diaphragms intersect their channels. Cc- 
nenchym abundant, formed of much smaller, not radiated, poly- 
gonal tubules, which, divided by regularly disposed, transverse 
diaphragms, represent vertical rows of subquadratic cell spaces 
filling the interstitial space between the larger circular tubes. No 
lateral anastomosis between tubes or cell spaces. 

Several species of Heliolites occur in the Niagara group of Michi- 
gan. The specimens are all found in silicified condition, and the 
more delicate surface characters have suffered partial obliteration 
by the process of petrification. 
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HELIOLITES MEGASTOMA, McCoy. 


Visceral tubes about two millimeters wide. Orifices crenulated 
by a cycle of twelve low vertical crests. Diaphragms flat, closely 
set. Coenenchym tubules about half a millimeter wide. Interstitial 
spaces filled by them, subject to many variations in different speci- | 
mens; in some the distance between the larger circular tubes is 
smaller than their own diameter, in others it is larger. External 
mode of growth convex, or in subplane expansions, covered by a 
concentrically wrinkled epitheca on the impressed lower concave 
side. It is acommon species in the Niagara group of Drummond’s 
Island, Point Detour, and many other localities ; in the drift depos- 
its of the Lower Peninsula it also frequently occurs. The Niagara 
group of Indiana, lowa, Kentucky, etc., and the Silurian strata of 
Bohemia inclose forms perfectly identical with those of Michigan. 

Plate I—Fig. 3 represents a silicified specimen from Point 
Detour, natural size, the structural details of which will all be seen 
more distinctly by using a weak magnifier, when looking at the figure. 
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Tubes about one millimeter wide, radiated by a cycle of twelve 
spinulose, vertical crests. Diaphragms flat, simple, or anchylosed 
with the spinulose, vertical crests into an irregularly cellulose mass, 
filling the tube cavities. Coenenchym of minutely tubular struc- 
ture, divided by transverse septa. Interstitial spaces between the 
larger tubes equal to or larger than one tube diameter. External 
srowth, subglobular. 

The mode by which the specimens are preserved alters their ap- 
pearance considerably. Some of the specimens, with simple trans- 
verse diaphragms exposed to weathering, are apt to have the dia- 
phragms of the larger tubes destroyed, and the channels of the 
larger tubes are seen all open, surrounded by the well-preserved 
mass of the smaller coenenchym tubules. In other specimens where 
the vertical crests, intermingling with the diaphragms, give the larger 
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tubes more strength, the coenenchym is found destroyed and the 
larger tubes are preserved, and present themselves as free cylindri- 
cal, longitudinally carinated colamns. Still other specimens are 
found, in which, by incrustation of the wall substance, the tube 
channels are narrowed, and the contrast between the larger and 
smaller tubes is diminished; these have a spongious aspect, and ap- 
pear at first glance to be a fossil of totally different structure from 
the more regularly formed specimens. It is sometimes difficult to 
distinguish this species from the next described species, Heliolites 
znterstinctus. This species is found in association with the former 
kind at Drummond’s Island, and in the other mentioned localities 
in Michigan; it is likewise common in the drift. The Niagara 
group of Iowa and Wisconsin incloses the same form. 

Plate I._Fig. 2 represents two specimens from Drummond’s 
Island, in natural size. 


BDEMOLILES INGESTING Se unine 


Visceral tubes from one to one and a half millimeter in width. 
Vertical crests quite prominent, almost reaching the centre, and 
composed of rows of spinules pointing obliquely upward with their 
apices. Coenenchym composed of minute, polygonal, transversely 
septate tubules. Interstitial spaces between the larger tubes usu- 
ally much exceeding one tube diameter. Diaphragms rarely flat, 
and simple, generally complicated into a cellulose network with the 
spinulose, vertical crests, with a nodular projection in the centre, 
formed by the converging apices of the spinules. No central col- 
umella. In vertical sections the channels of the larger tubes are 
scarcely distinguishable from the surrounding septate ccenenchym, 
because the intersection of the spinules with the diaphragms divides 
the interior of the larger tubes into small cell spaces similar. to the 
surrounding ccenenchym tissue. The visceral tubes always resist 
decay better than the ccenenchym, and are preserved as slender, 
longitudinally carinated columns, held together by a portion of un- 
destroyed coenenchym. The mode of growth is in discoid, subplane. 
expansions, with a concentrically wrinkled epithecal crust on the 
lower side. | 
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It is of rare occurrence in Michigan; occasionally specimens 
are found in the drift of the Lower Peninsula, but it is a very com- 
mon species in the Niagara group of Indiana, Kentucky, Tennessee, 
CC. 

Plate I—Fig. 1 is a specimen from Louisville, Ky., in calcified 
condition. Specimens from the Silurian strata of Bohemia perfectly 
correspond with the American form. 


PECIOMULES) SUBLUBUILATUS, ©) McCoy, 


Visceral tubes only half a millimeter wide, with twelve delicate 
marginal crenulations around the orifices. Coenenchym tubular, 
very minute. Interstitial spaces between the larger tubes broad. 
Transverse diaphragms simple, regular, disposed at close distances. 

External growth in convex, rounded masses. I have identified 
this form with McCoy’s species on account of a general resemblance 
to his figures, but had no opportunity to compare specimens. It 
occurs in the Niagara group of Point Detour, Drummond’s Island, 
etc.; also in Iowa, at Masonville. 

Plate I—Fig. 4, lower specimen found at Marblehead, of Drum- 
mond’s Island, natural size; upper specimen from Masonville, 
Towa. 


PLASMOPORA. 
MILNE-EDWARDS. 


Visceral tubes circular, not projecting above the general sur- 
face, radiated by twelve well-developed vertical rows of spinulose 
projections. Coenenchym formed of stout vertical laminz, which 
partly appear as the extraneous continuation of the radial crests 
of the tubes. They intersect each other in irregular manner, in- 
closing tubular spaces between, which are transversely septate, like 
the tubules of the ceenenchym of Heliolites; but while in the latter 
they are actually closed tube channels, in the ceenenchym of Plas- 
mopora no closed tube walls seem to exist, but only lacune be- 
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tween the vertical plates intersecting each other. Diaphragms of 
visceral tubes numerous, flat, but usually complicated by intersec- 
tion with the vertical rows of spinules almost reaching to the 
centre. 

The ccenenchym usually resists weathering better than the 
tubes—large, open channels being found to occupy the places of 
the latter in such specimens. 

Plasmopora and Heliolites are in structure so similar that it 
often becomes difficult to make a distinction between the two 
forms. 


PLASMOPORA FOLLIS, MILNE-EDWARDs. 


Tubes from one to one and a half millimeter in diameter, separated 
at their circular crenulated orifices by interstitial spaces equal toa 
tube diameter or smaller. Vertical laminz of the ccenenchym often 
holding a position toward the tubes as of external radii, and inclosing, 
by mutual junction and intersection by transverse dissepiments, ver- 
tical rows of cell spaces very similar to the coenenchym of Helio- 
lites; but the vertical walls of these septate pseudo tubules are 
much stouter than the tubular walls in Heliolites, and comparative- 
ly much stouter than the transverse septal laminz dividing them. 
Grows in pyriform or subcylindrical, club-shaped masses of mod- 
erate size, not often exceeding that of a man’s fist ; the conical base 
is attached and exhibits a rudimentary epithecal crust; in the 
subcylindrical specimens, the coenenchym cells and orifices on the 
side faces of the stems are usually closed, and only those of the 
convex terminal disk apert. Rarely found in the Niagara group 
of Point Detour, and sometimes in thedrift of Michigan. Itisa 
very common species, however, in the Niagara group of Indiana, 
Kentucky, and Tennessee. 

Plate II].—Fig. 2 represents two species of Plasmopora, arranged 
in a group to economize space. The two upper figures are small 
silicified specimens of Plasmopora follis; the elongated one was © 
found at Paul’s Station, Indiana; the other, of rounded form, is 
from Charleston Landing, Indiana. 
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PEASMOPORA ELEGANS, HALL. 


Synon., HELIOLITES ELEGANS, Hall. 
HELIOL. SPINIPORA, Hall. 


PLASMOPORA SCITA (?) Milne-Edwards. 


Tubes a little over half a millimeter wide, radiated by twelve prom- 
inent longitudinal rows of spinules obliquely directed upward, and 
nearly reaching the centre. Diaphragms complicated and anchy- 
losed with the spinulose projections. Coenenchym composed of 
very stout vertical lamels, with delicate transverse leaflets intersect- 
ing them. Intervals between the tubes about as large or larger 
than a tube diameter. Growth pyriform or globular. Found in 
the drift deposits of Michigan. Common in the Niagara group of 
New York, Indiana, and Kentucky. 

Plate III., Fig. 2—The two lower specimens, both silicified, are 
from Paul’s Station, Indiana. 


LYERLIA: 
MILNE-EDWARDS. 


Visceral tubes circular, with orifices projecting above the general 
surface, radiated by twelve conspicuous vertical rows of spinules, 
and transversely septate by subplane diaphragms. 

Coenenchym abundant, formed of convex, vesiculose, horizontal 
plates of unequal size, extending in interlacing layers across the 
intertubular interstices, and inclosing blister-like cavities much 
resembling the vesiculose tissue of a Cystiphyllum. 


LYELLIA AMERICANA, MILNE-EDWARDS. 
Synon., HELIOLITES MACROSTYLUS, Hall. 


Tubes 14 to 2 millimeters wide, radial crests almost extending 


to the centre,and decurrent on the outer projecting part of the 


16 
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orifices, but not prolongated across the interstices, which are 
divided into a network of irregular angular cell spaces, or are, in 
weathered specimens, of blistered aspect. Transverse diaphragms 
subplane, often warped, closely set. Interstices between the tubes 
larger than one tube diameter. Vesiculose plates of coenenchym of 
irregular, coarser, or smaller size, frequently found partially de- 
stroyed by decay, in which cases the tubes present themselves as 
free, longitudinally carinated columns, held together by such of the 
ccenenchym as escaped destruction. Some of the specimens of 
Sarcinula represented by Goldfuss are doubtless weathered speci- 
mens “of Jéyellia’ (de Sarcinula:costata, Goldf: Db: 24 17mm) 
Growth in large convex expansions, with an epithecal crust on the 
lower, often concave side, or of lenticular or pyriform shape, with 
conical basal side. Found abundantly on Drummond's Island, 
Point Detour, and in other localities of Niagara exposures in Michi- 
gan ; of frequent occurrence also in the drift of the Lower Peninsu- 
la, and common in the Niagara group of Iowa. 

Plate II.—Fig. 1. Surface view of a silicified specimen from 
Point Detour, Lake Huron. Fig. 2. Side view of a weathered 
specimen presenting the tubes as partially free columns connected 
by the remains of the coenenchym vesicles. 


JES ILAG IPSs Ge UL IAAL INO. SIPC. 


Tubes circular, not projecting above the general surface, crenu- 
lated at the margins by twelve spinulose vertical crests. Diameter 
of tubes about 1} millimeter. Interstitial spacesas wide as a tube 
diameter, or narrower, obscurely radiated on the surface by arrange- 
ment of the ccenenchym vesicles in conformity with the radial 
crests of the inside. Diaphragms convex, with deeply depressed 
margin, projecting within the orifices as rounded monticules, deco- 
rated with granules. In weathered specimens the tubes stand out 
as free, longitudinally carinated columns, as in the former species. 
Mode of growth convex hemispherical above, flat or concave at the 
lower side, which is covered by a concentrically wrinkled epitheca, 
or sometimes incrusting other bodies. Found abundantly in the 
Niagara group of Point Detour and at Drummond’s Island. 
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Plate II].—Fig. 3 is a silicified specimen from Point Detour, 
Lake Huron. 


EMEC yDECEPIE NS: Ni SP: 


Flat, undose expansions of laminated structure. Tubes one 
millimeter wide, orifices not projecting, crenulated by twelve mar- 
ginal crests. Diaphragms slightly convex. Interstitial spaces 
usually larger than one tube diameter, their surface delicately 
reticulated by circumscribed cell spaces, as in Heliolites, but in 
vertical sections exhibiting a distinctly interlacing vesiculose struc- 
ture, and not a tubular coenenchym. Found in the Niagara 
group of Point Detour and Drummond's Island. Exteriorly it 
fully resembles Heliolites interstinctus. 

Plate I1I.—Fig. 1 represents a silicified specimen from Point De- 


tour, Lake Huron. 


BUNTIBIEAUIUS y Mee LIP OLS wals IN MSIE, 


_ Tubes one millimeter wide, with projecting orificial. rims, radi- 
ated within by prominent spinulose crests, and on the surface 
of the interstices by the converging arrangement of the ccenen- 
chym vesicles. Interstitial spaces about equal to a tube di- 
ameter, vesicles rather coarse. Diaphragms subplane, granulose. 
Growth explanate, discoid, with a concentrically wrinkled epi- 
theca on the lower side. Rarely found in the Niagara group of 
Drummond’s Island. In the Niagara group of Indiana and Ken- 
tucky this species is very common, and is partly found silicified, 
partly in calcified specimens with finely preserved structure. 

Plate II.—Fig. 4 is a calcified specimen from Louisville, Ky. 

Various other forms described by Billings under the name of 
Heliolites are by structure true Lyellias, as Helolites affinis, Bil- 
lings; Heliolites speciosus, Billings; Heliolites exiguus, Billings: all 
found at Anticosti Island. 
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HOUGHTONIA. 
N. GEN. 


Tubes circular, with projecting rims; cavity lined by twenty 
or more longitudinal crests, and transversely septate by subplane 
diaphragms. Coenenchym formed of irregularly lacunose cell spaces 
anastomosing amongst themselves, and frequently by pores with 
the tube channels. Intertubular interstices narrow—the tubes are 
often in immediate contiguity, so that the intertubular coenenchym 
becomes restricted to the corners left between the joining tubes. 
No pore communication between the contiguous tube walls. 


HOUGHTONIA HURONICA, N. Sp. 


Globular masses, from the size of aman’s fist to that of a foot in 
diameter, with a basal scar of attachment. Tubes from two to 
three millimeters in diameter. Interstitial spaces narrow, or tubes 
in partial immediate contiguity without intervention of coenenchym 
cells. Vertical crests spinulose. Diaphragms numerous, slightly 
concave, and usually coincident with linear constrictions of the 
tubes. By intersection of the vertical crests with these constricted 
annular rims, the inner surface of the tubes becomes cancellated by 
regular, square-shaped conical pits, the bottom of which is often, 
but not always, perforated, and communicates with the cell spaces 
of the surrounding coenenchym. 

Occurs in the Hudson River group of Drummond’s Island, 
associated with Columnaria stellata. It is likewise ‘found abun- 
dantly in the upper part of the Cincinnati group at Madison, 
Indiana; more rarely in the lower strata of the same locality. 

Plate III.—Fig. 3 is a lateral view of a specimen from Drum- 
mond’s Island, split open. Fig. 4 is a surface view of the same. 


NoTr.—Since the above was written, I have noticed in the second palzontologi- 
cal report of Ohio the description of Columnopora cribriformis, which is generically 
identical with Houghtonia, but Mr. Nicholson erroneously asserts the absence of 
intertubular coenenchym cells, and thinks the tubes directly anastomosing by large 
lateral pores. This is not the case in tubes contiguous to each other, where 
the walls are imperforate ; but in case of development of intermediate coenenchym 
cells the tubes connect by pores ‘with the coenenchym, and in this way indirectly 
with each other. 


FAVOSITIDA. 


SUB-ORDER, FAVOSITINA. 


* COMPOUND polyparia, formed of intimately connected elongato- 
conical tubes, diverging from an imaginary axis, and frequently 
originating froma single mother-tube by prolific lateral gemma- 
tion, constantly repeating. 

In some forms the tubes are in close connection in their whole 
length ; in others the tubes become free at their ends. In contigu- 
ity the tube channels are anastomosing by lateral pores. Trans- 
verse diaphragms generally intersect the tube channels, but are 
sometimes absent, either from being destroyed, or from non-devel- 
opment, which latter is usually found to be the case in forms 
with very stout thickened tube walls. The inner tube cavity is, in 
the majority of Favositine, radiated by a cycle of longitudinal 
crests, or rows of spinules or squamiform horizontal leaflets pro- 
jecting from the walls, which are separated by deep intervening 
furrows. In other forms the crests are obsolete, the radial struc- 
ture being indicated only by shallow longitudinal furrows, and in 
others still the tube cavity is entirely destitute of crests or longi- 
tudinal furrows. 

The following genera are representing this sub-order: 1. Favosi- 
Bete ivecOliLesne Jaubimeania .) 4. Cladopora; 15. cttacoporas 
oy Wendcopora; 7. UVhecia,; 3. Vermipora,; ‘9. Ouenstedtia ; 10. 
Michelinia. 


eV OSIM ES. 
' Massive or dendroid polyparia, with polygonal or circular orifices, 
not or rarely projecting above the general surface, and opening 
almost rectangularly to it. Tubes intersected by transverse dia- 
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phragms, either simple, or compound through the anchylosis of 
several plates meeting at angles, or rendered imperfect by partial 
plates not anchylosed. Tube cavity exhibiting twelve longitudinal 
furrows, and having the band-like intermediate spaces frequently 
decorated with one or several vertical rows of spinules, or with a 
row of horizontal, squamiform leaflets. These characters of radi- 
ation are, however, not in all species equally distinct, becoming in 
some specimens nearly obsolete, while in others of the same kind 
they may be exhibited in obvious development. The rows of 
squamose projections, peculiar to certain Devonian forms, by com- 
ing in contact and adhering together at their joined edges, form 
compound, perfect, or incomplete diaphragms, interposed between 
the regularly formed simple diaphragms, and in some specimens 
these prevail to such an extent as to altogether exclude the regular 
diaphragms. P 

Milne-Edwards proposed for Favosites of the above indicated 
structure the name Emmonsia, but the character of the dia- 
phragms in the forms in question is so variable and inconstant, 
that one and the same specimen, or even the same identical tube 
channels, may at a certain period of growth be intersected by com- 
pound complicated diaphragms, exhibiting at another only sim- 
ple, straight diaphragms like other forms of Favosites, while. in 
the prolongation of the tubes they may be divided again by com- 
pound or imperfect septa. A character so changeable and peculiar 
to almost every one of the Devonian species of Favosites can not 
be used as a generic distinction for those which have it in a more 
marked degree than the others. Milne-Edwards has also con- 
fused with his Emmonsia a species which stands in no special rela- 
tionship to the other forms; his Emmonsia cylindrica is a true 
typical form of a Michelinia. 

The genus Favosites and the whole family of Favositoids had 
comparatively a very brief period of existence. The first forms 
appear in the upper Silurian deposits (Clinton group). During the 
Niagara period and the Devonian era, Favositoids abounded, and 
were the prevailing representatives of coralline life. The carbon- 
iferous strata inclose only a few of these forms, and in later depos- 
its no representative of the genus is known. The Silurian forms 
differ from the Devonian Favosites by invariably having simple dia- 
phragms, and by the spinulose character of their radial crests. The 
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majority of the Devonian forms, instead of longitudinal rows of 
teretiform spinules, have rows of horizontal squamule, which, as 
already mentioned, sometimes coalesce into transverse compound 
laminz, taking the place of the regular diaphragms, which case 
never occurs in a Niagara species. 


FAVOSITES FAVOSUS, GOLDFUuss. 


Synon., CALAMOPORA FAVOSA, Goldfuss. 


FAVOSITES NIAGARENSIS, Hall, in part. 


Tubes polygonal, of uniform size in the same specimens, but 
in different specimens variable, from a diameter of six milli- 
meters to that of two. Internal circumference of tubes longi- 
tudinally striate by twelve furrows, with intermediate, broader, 
band-like spaces, which are crowded with slender spinulose pro- 
jections, either in irregularly dispersed position, or arranged in 
longitudinal or transverse undulating rows, in accordance with 
the undose, transverse wrinkles of growth visible on the out- 
side of the well-preserved tube walls. Diaphragms convex or 
flat, or even deeply concave, closely approximated or wide apart. 
All these variations of structure are sometimes observable in one 
and the same specimen, but usually the different variations of 
form mentioned are represented by different specimens. The dia- 
phragms are marked with concentric wrinkles of growth parallel 
with the polygonal outlines of the tubes, and their entire surface is 
ornamented by delicate granules or spinules similar to those pro- 
jecting from the side walls of the tubes. The margins of the dia- 
phragms at their junction with the side walls are deflected into 
siphon-like depressions, frequently twelve in number, and coinciding 
with the twelve longitudinal furrows. In many specimens only 
five or six such siphonal depressions are developed, while in the cir- 
cumference of some of the very large tubes I counted twenty. 
These latter are exceptions. In certain specimens the diaphragms 
connect with the side walls without any perceptible depression. 

Lateral pores connecting the tubes, of moderate size, surrounded 
by a raised rim, forming on each side of the polygonal tubes, 
according to its width, a single, or double, or triple row. The pores 
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are never much crowded, and hold no definite position in relation 
to each other in the adjoining rows, sometimes found alternating, 
sometimes opposite, or irregularly disseminated. 

External form of polyparia hemispherical, or discoid, lenticular, 
with a concentrically wrinkled epithecal crust on the lower centrally 
attached side. 

Occurs abundantly in the Niagara group of Drummond’s Island, 
Point Detour, and all along the south shore of the Upper Penin- 
sula of Michigan; also common in the drift deposits, and in the 
Niagara group of Wisconsin, Iowa, etc. The above species descrip- 
tion comprises specimens so much differing in aspect that it seems 
strange to present them as belonging to one species. A Favosites 
with tubes six millimeters wide and one with tubes measuring 
only two are in great contrast. It may be said also that specimens 
with convex diaphragms and rough spinulose tube walls bear little 
resemblance to others having perfectly even diaphragms and almost 
smooth tube cavities; yet on careful examination of large collec- 
tions of these forms, we find them all so much linked together by 
intermediate gradations that no line can be drawn between one 
and another. 

Plate IV. represents four specimens which I consider as varie- 
ties of Favos. favosus. Fig. 1 is the fragment of a large silicified 
specimen with tubes about fouror five millimeters in width, flat 
diaphragms with numerous marginal depressions, and with deli- 
cately spinulose tube walls. Found at Drummond’s Island. Fig.2 
is a specimen from Point Detour, with still larger tubes of simi- 
lar structure. The edges of the cells are noticed in the figure to 
be faintly crenulated by the twelve longitudinal furrows. Figs. 
3 and 4 are specimens with convex diaphragms, of different tube 
size, with well-developed marginal depressions; surface of dia- 
phragms and inner face of tube walls spinulose. Found associated 
with the former. 

Plate V.—Fig. 2 isa specimen fully agreeing with Fig. 1, Plate IV., 
but of smaller tube size. Favosites Gothlandica, of Goldfuss, cor- 
responds with this specimen ; Favosites Niagarensis, Hall, includes 
forms of this kind also, but the name Gothlandica is applied to so 
many entirely different forms of Favosites, that I totally abstain 
from using. it. The name Niagarensis, Hall, I have restricted toa 
form with smaller tubes. 


BALLON OL OG Ve Pies 


PaViOstlES NUAGARE NSIS, FALL. 


Tubes about one and a half millimeter wide, of equal size in 
the same specimens, polygonal. Diaphragms flat, placed at vari- 
ous distances, sometimes very close, sometimes more than one 
tube diameter apart. Inner surface of tubes delicately spinulose. 
Spinules in irregularly dispersed position. Pores situated in close 
proximity to the angles of the tubes, not very numerous. 

External growth in convex masses, with an epithecal crust on the 
lower side. Occurs associated with Fav. favosus in the Niagara 
group of Michigan, Iowa, Kentucky, etc. It differs from that 
species principally in the position of the pores near the angles, and 
in the small tube size; is not connecting with the specimens, Fig. 
2, on the same plate, by gradation, an obvious break existing be- 
tween them. 

Plate V.—Fig. 1 is a silicified specimen from Point Detour. 


PaVOStiES Hi ISEED WS; UN Se 


Tubes a littleoverone millimeter and a half wide, equal, poly- 
gonal, radiated by long projecting spinules almost reaching to the 
centre. Spinules disposed in irregular longitudinal rows, unequal 
in size, and more than twelve in number in the circumference of a 
tube. Diaphragms flat, closely set. Pores very numerous, generally 
forming two rows on each side. Of convex, discoidal growth, with 
an epitheca below, as in the other forms. Occurs associated with the 
preceding species in the Niagara group of Drummond’s Island and 
Point Detour. 

Plate V.—Fig. 4 is a silicified fragment found at Point Detour. 


EAVOSIDESAVENUSDUS a rau 


Synon.; ASTROCERIUM VENUSTUM, Hall. 
FAVOSITES HISINGERI, Milne-Edwards. 


Tubules small, not over one millimeter wide, rounded-polygonal, 


of equal size. Tubes radiated by long spinules, as in the former 
e 
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species. Spinules in twelve distinct longitudinal rows. Diaphragms 
flat, or gently convex, closely approximated. Pores in one, rarely 
in two rows on each side. 

Grows in large, massive expansions, with an epitheca on the lower 
side, 

Found abundantly in the Niagara group of Michigan, and loose 
in the drift ; it likewise occurs in the Niagara strata of Iowa, In- 
diana, Kentucky, and New York. 

Plate V.—Fig. 3 is a silicified specimen from Drummond’s Island. 


PAYVOSIPESSOBLIOUUS  NaaSr: 


Tubes polygonal, compressed, like an Alveolites, and opening 
obliquely to the surface. Large diameter of tubes, three millimeters ; 
small diameter variable according to the degree of compression. 
In rare instances the tubes are not compressed, or only slightly so, 
and open rectangularly to the surface. The inner circumference 
of the tube walls is striate, by twelve longitudinal furrows with in- 
termediate band-like spaces, each of which bears several longitu- 
dinal rows of spinules. Diaphragms subplane, with from eight to 
twelve marginal depressions, which, together with the longitudinal 
furrows and spinulose interstices, give the orifices a very decora- 
tive, stelliform aspect. The surface of the diaphragms is covered 
with delicate spinules, like the rest of the inner surface of the tubes. 
Lateral pores form a single row on each side, wherein it differs from 
Alveolites, which has larger pores, confined to the two lateral edges, 
or to their vicinity. 

Large, undose expansions, with an epithecal crust on the lower 
side. Common in the Niagara group of Drummond’s Island and 
Point Detour; also found in the drift of the Lower ome 
occurs likewise near Masonville, Iowa. 

Plate XXVIII.—Fig. 2, silicified specimen from Point Detour. 
The Niagara group of New York and Indiana contains a few 
other species of Favosites, which are not found in the formation 
of Michigan; these are: 
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PAVOSE ES seY RIPORMIS, HALL. 
(ASTROCERIUM, Hall.) 


It grows in globular or pyriform masses, with a narrow, conical 
basal end, surrounded by an epithecal crust. Tubes rounded- 
polygonal, unequal in the same specimens, and in different speci- 
mens varying from one and a half to three millimeters in diameter. 
Diaphragms flat, moderately close. Tube channels radiated by lon- 
gifudinal rows of spinules. Pores not: very numerous, in a single 
or double row on each side. Not figured. 

Another species, which I name Vavosites spongilla, is common in 
the Niagara group at Paul’s Station, Indiana. It is likewise of 
pyriform, conical growth, with subramose excrescences from the 
discoid upper surface, like some forms of bathing sponges. Tubes 
small, not over one millimeter wide, with slightly dilating, sub- 
rotund orifices. Diaphragms convex. Tube cavity surrounded by 
rows of spinules. Pores not clearly visible in the small silicified 
specimens, not larger than a walnut. I have not figured the latter 
two species, as they are not found in Michigan, but have thought 
it well to mention them as well-marked characteristic forms of the 
Niagara group. | 


FAVOSITES HEMISPHERICUS, YANDELL AND SHUMARD. 


Synon., FAVOSITES TURBINATUS, Billings. 
Not FAV. HEMISPH., Milne-Edwards. 


Through misapprehension, Milne-Edwards described, under the 
name Emmonsia hemispherica,as synonymous with Yandell and 
Shumard’s species, a Favosites entirely different from the speci- 
mens originally designated by that name. All the original speci- 
mens of Fav. hemisph. kept in Dr. L. P. Yandell’s collection are 
identical with Favosztes turbinatus of Billings. We have to restore, 
therefore, the name hemisphericus to this species, for which it 
originally was intended, and give to Milne-Edwards’ species the 
name Favosites Emmonsii, in place of Emmonsia hemispherica, 
which genus, for reasons mentioned above, can not be accepted. 
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Favosites hemisphericus is one of the best marked species of 
Favosites; it has a wide range of variations, but its peculiar mode 
of growth makes it easily distinguishable from any other form. 
The tubes of this form are about two millimeters in diameter, of 
unequal size, rounded-polygonal; tube cavity generally smooth, 
intersected by simple flat diaphragms. It occurs rarely that the 
diaphragms are compound and angular on the surface, formed by 
anchylosis of lateral, squamiform projections. Lateral pores iarge, 
usually in a single row on each side, and moderately distant. 
Sometimes, however, two rows of pores may be observed ona sige. 
The mode of growth mentioned as the most characteristic feature 
of this species is nevertheless quite variable. We find polyparia 
of subspherical or of biconvex lenticular form, or in cylindrical, 
irregularly flexuose, root-like masses, over a foot in length, or in 
elongated horn-shape, all of which forms proceed from a single 
proliferous mother-tube. At first the polyparium is attached by its 
narrow and usually excentrical apex, but soon it becomes free, and 
the apex is folded over by the spreading margins of the rapidly 
enlarging corallum. The tubes diverge in graceful curves from an 
imaginary central axis toward the periphery. Those ends, ter- 
minating on the lateral faces of the corallum, have their walls 
_ thickened in their peripheral portion, and their orifices are all 
closed by opercula of concentric annular structure, with a central 
opening while growing, which is finally closed by a solid nodular 
piece. The margins of the opercula are frequently decorated by 
twelve carinz converging from the margins toward the centre, but 
not reaching it. In specimens with excessively thickened wall 
substance, these radial carinee are very obscure, or entirely obliter- 
ated. The orifices terminating on the convex disk of the corallum are 
all open, more thin-walled than the others, and of more pronounced 
polygonal form. It often happens that these centrally situated, 
thinner-walled tubes have been destroyed by weathering, while the 
exterior lateral tube ends, of massive structure, have resisted and 
been preserved. The upper end of such specimens is deeply exca- 
vated, and the lenticular forms are transmuted into concave, pa- 
telliform dishes. The elongated, horn-shaped specimens termi- 
nate in this case with a funnel-shaped excavation resembling the 
calyx of a Cyathophyllum, which resemblance is augmented by 
the exposure of the side faces of the septate tubes, arching from 
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the centre to the periphery, which bear a deceptive likeness to 
the radial lamella, with intermediate vesicular cell spaces of the 
calyx of a Cyathophyllum. 

This species is equally common in the upper part of the Helder- 
berg group and in the Hamilton strata in Michigan, and in the 
equivalent rock beds of other States east and west of it. 

Plate VI.—Figs. 1 and 2 represent two silicified specimens of 
cylindrical growth. A part of the orifices in Fig. 1 is closed by 
opercula plainly exhibiting the twelve marginal radial carinations. 
Fig. 2 shows near the left margin opened tube channels with dimly 
visible lateral pores. The central part of the specimen is formed 
by the casts of the tube channels, with deep incisions in the place 
of the diaphragms, and papillose prominences.represent the 
lateral pores. Fig. 3 is a weathered specimen of lenticular form, 
having a dish shape presenting opened silicified tube channels, 
intersected by diaphragms, and perforated by lateral pores. On 
the centre of the specimen I fastened artificially a small horn- 
shaped specimen, resembling the calyx of a Cyathophyllum. Fig. 
4 isa calcified specimen, in the shape of a Dutchman’s nightcap, 
found in the Hamilton group of Thunder Bay. 

On Plate X., Fig. 2, a calcified specimen of similar growth to 
that on Plate VI., Fig. 3, presents the angular tubes of a specimen 
split open, with diaphragms and pores faintly indicated. The 
latter belongs to the upper Helderberg limestone, and was found 
in the drift of Ann Arbor. Fig. 1, Plate VI.,is a specimen from 
the corniferous limestone of Port Colborne. Fig. 2, Plate VI., is 
ionncudnethe duit Bic. 3) Plate Vi. is irom the Falls of the 
Ohio. The small horn-shaped specimen in the centre is from the 
drift of Ann Arbor. 


Paw OStimeS ee ViVON SI, IN. Sp: 


Synon., EMMONSIA HEMISPHERICA, Milne-Edwards. - 
FAVOSITES ALVEOLARIS, New York Reports. 
Tubes unequal, rounded-polygonal, from one to one and a 


half millimeter in diameter. Tube channels longitudinally striate 
by a cycle of twelve furrows; of the intermediate band-like spaces, 
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each one bears a vertical row of horizontal squamz, which are 
in alternating position in the adjoining rows. Diaphragms rarely 
simple, straight, generally compound, of anchylosed, lateral squame, 
presenting an angular, substellate surface ; or the interlacing squame 
remain free, and constitute imperfect septa, instead of complete 
transverse diaphragms. Pores large, forming in single or double, 
or even triple rows on each side, according to its width, and in 
places they are much more numerous than in others. It is often 
noticeable that tubes, for a certain part of their length, are inter- 
sected by simple, straight diaphragms, without complication by 
lateral squame, and again, both above and below, are found 
divided by very irregularly interlacing compound septa. This form 
grows in large convex masses, or in discoid expansions, with a con- 
centrically wrinkled epitheca on the lower side. Found in the 
upper Helderberg limestones of Mackinac, and in Monroe County, 
in calcified condition. Silicified specimens, partly in the shape of 
casts, are frequently found in the drift. The corniferous limestone 
of Sandusky, Ohio; of Port Colborne, Canada; of the Falls of Ohio ; 
of Charleston Landing, Indiana, and of a great number of other 
localities, can be mentioned as abounding in specimens of this coral. 

Plate VII.—Fig. 1 is the side-view of a calcified specimen, being a 
fragment of a larger mass, found at Charleston Landing, Indiana ; 
lateral pores distinctly visible in the figure. Fig. 2 is a silicified 
specimen from the drift of Ann Arbor. It shows the inequality in 
the size of tubes (in some specimens in still greater contrast), by 
which I was induced to consider these forms as a distinct species 
(vede “‘ American Journal of Science and Arts,” November, 1862, 
Favos. heliolitiformis), an opinion which I have since changed. 
Other specimens are found in which the tubes have nearly all an 
equal size. 


FAVOSITES HAMILTONENSIS, N. Sp. 


Synion., FAVOSITES ALPENENSIS, Winchell. 


FAVOSITES DUMOSUS, Winchell. 


Tubes rounded-polygonal, unequal in the same specimens and 
in different specimens, variable from one and a half to two and a 
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half millimeters. Walls stout. Diaphragms regular, simple, but 
frequently with lateral squamz interposed, which occasionally be- 
come anchylosed with them and disturb their regularity, but never 
to the same degree as in the former species. Connecting pores 
large, forming a single row on each side. Rows of lateral squame, 
in some specimens very well developed. Other specimens or por- 
tions of specimens have smooth tube channels. Modeof growth 
globular, or tuberose, or in coarse ramifications, often incrusting 
other bodies with the basal portion. Abundantly found in the 
Hamilton group of Thunder Bay and Little Traverse Bay, and in 
the drift deposits. ; 

Plate VII.—Fig. 3 is aspecimen from Stony Point, Thunder Bay. 
Fig. 4is found in the limestone bluffs of Petosky, presenting a 
vertical section through a specimen identical with Winchell’s 
Favosites dumosus, which is often found in more slender ramifica- 
tions, but also in rounded, tuberose form, in no way differing from 
the typical specimens of Hamiltonensis. Favosites Billingstt I have 
named a form nearly related to F. Hamiltonensis, which is the pre- 
vailing species in the Hamilton strata of Widder, C. W., and in 
the Hamilton group of New York. It grows in large lenticular 
disks, sometimes three feet in diameter; the lower side has a 
central point of attachment and is covered by an epithecal crust. 
Tubes rounded-polygonal, unequal, from two to three millimeters 
wide. Diaphragms flat, with marginal, punctiform depressions, 
similar to Favos. alveolaris, Goldfuss. Pores forming a single row 
on each side. Lateral squamz rudimentary or absent. Not 
figured. 


FAVOSITES EPIDERMATUS, ROMINGER. 
Vide “ Silliman’s Journal,” November, 1862. 


Tubes from two to three millimjoers wide, subequal in the same 
specimens, of obtusely polygonal outlines. Tube channels longitu- 
dinally striate by a cycle of twelve well-marked furrows, each of 
the intermediate band-like spaces bearing a row of horizontal 
squamz, sometimes very prominent, and at others in rudimeén- 
tary condition and partially obsolete. Diaphragms simple, flat, 
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or warped by marginal depressions, more rarely of broken, angu- 
lar surface through complication with the lateral squame, as 
in Favosites hemisphericus. Pores comparatively small, surrounded 
by an elevated rim, in a single or double row on each side, never 
very much crowded. Grows in discoid, subundose expansions, 
with a delicately wrinkled epithecal crust on the lower side, having 
a narrow conical centre serving as point of attachment. Found in 
the upper limestones of Mackinac Island, and of frequent occur- 
rence in the drift ; likewise common in the corniferous limestone 
of Canada, New York, Indiana, and Kentucky. From the forms 
with deeply furrowed, crenulated orifices, and with irregular, com- 
pound diaphragms, insensible transitions exist to specimens with 
almost smooth, faintly furrowed tubes and with simple, straight 
diaphragms. In the size of the tubes also a considerable variation 
exists in different specimens. 

Plate VIII.—Fig. 1 is a silicified specimen from Caledonia, N. Y., 
with beautifully crenulated orifices, exhibiting the longitudinal 
furrows and intermediate squamose projections. Fig. 2 isa silici- 
fied specimen found in the drift of Ann Arbor, seen from the 
lower side. Fig. 3 is a specimen from Port Colborne, showing 
the diaphragms with marginal depressions, and the general sur- 
face aspect. 


PAW OSIMNES, CAUNUAIDIDINS MS: 
(Vide “ Silliman’s Journal,’ November, 1862.) 
FISTULIPORA CANADENSIS, Billings. 


Undose expansions, with an epithecal crust on the lower side, 
sometimes of digitato-ramose or reticulated growth, with orifices 
on allsides of the stems. Tubes of two strikingly different sizes. 
The larger ones, about one millimeter wide, are circular, dispersed 
at subregular intervals between amass of smaller subangular tubes 
about one third the size of the circular tubes. The specimens have 
a great resemblance to Heliolites porosus, or, as Mr. Billings thinks, 
to Fistulipora. The radiated structure of the tubes and the devel- 
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opment of lateral pores are sufficient to prove the Favosites type 
of the species. The larger tubes are always lined with a cycle of 
twelve rows of horizontal squame; the smaller tubes are usually 
smooth, or exhibit only rudimentary squame. The diaphragms 
of the larger tubes are compound, by complication with the 
squamz ; in the smaller tubes the diaphragms are simple; all the 
tubes are connected by abundant lateral pores disposed in longi- 
tudinal rows. The orifices in certain spots of the surface are often 
found closed by opercula. 

Found in the upper Helderberg strata of Mackinac and in the 
drift deposits of the Lower Peninsula ; also abundantly occurring in 
the corniferous limestone of Canada, New York, Indiana, and 
Kentucky. 

Plate VIII.—Fig. 4 is a silicified specimen from the drift of 
Ann Arbor. 

Plate XV.—Fig. 3 is a reticulated branching variety found at 
the Falls of the Ohio, kindly lent to me by Dr. James Knapp, of 
Louisville. 

I have from the same locality some subramose specimens of simi- 
lar structure, but with larger tubes in contiguity and fewer in- 
terstitial smaller ones. These form a transition link to another 
species to be described hereafter (Favosites radiciformis). 


BaAVOSieE or LUBE ROSUS, INa Se: 


Compare FAVOSITES TRoOoSTH, Milne-Edwards, and FAVOSITES 
BASALTIFORMIS PARS, Goldfuss. 


Tubes rounded-polygonal, unequal in size, variable, between two 
and three millimeters in diameter, with larger tubes up to five 
millimeters occasionally intermingled. A cycle of twelve longitu- 
dinal rows of stout, horizontal squamz lines the inner circumfer- 
ence of the tubes. The squamz of the joining rows alternate in 
position, are not separated by intermediate furrows, but often 
slightly interlock with each other. Pores large and very numerous, 
two or three rows on each side, surrounded by a small pit instead 
of a projecting rim, and one of them is generally situated directly 
beneath each of the squame. 


LY) 
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Diaphragms regular, complete, but often compound, angular on 
the surface through intersection with the lateral squame. 

On the lateral surface of the subcylindrical polyparia, many 
orifices are found closed by concave opercula of concentrically 
wrinkled structure. Some of them have a small opening in the 
centre, which is finally closed up when the operculum is finished. 

Found frequently in the drift of Michigan in silicified condi- 
tion, partly in hemispherical masses, with a flat under side cov- 
ered by an epitheca, or in elongated, cylindrical or tuberose form. 
Similar specimens occur in the corniferous limestone of Canada, 
New York, and at the Falls of the Ohio. At the latter locality, 
large convex masses are found, which are often erroneously iden- 
tified with Favosites maximus, Troost. They are absolutely iden- 
tical in structure with the described smaller forms. 

Plate IX.—Fig. I is a representation of two small silicified 
specimens from the corniferous limestone of Port Colborne. The 
upper specimen seems to me identical with the American speci- 
men of Favosites basaltica figured by Goldfuss. Its base and the 
lower specimen exhibit orifices closed by concave opercula. Fig. 
2 is a silicified specimen from the Falls of the Ohio, presenting 
open tube channels intersected by diaphragms, and with the walls 
perforated by very numerous pores. It shows at the same time 
the divergence of the tubes from a basal centre. The rows of 
lateral squamz are not as conspicuous in that specimen as in many 
others. 


FAVOSITES WINCHELLI, ROMINGER. 


Vide “ Silliman’s Journal,” November, 1862. 


Massive convex polyparia, composed of rounded-polygonal tubes 
from three to four millimeters in diameter. Diaphragms com- 
plete, simple, warped and depressed at the margins into several 
siphon-like pits, or the whole diaphragm is depressed into one deep 
excentrical funnel. Tube walls striate by twelve well-marked lon- 
gitudinal furrows, destitute of lateral squamze. Pores small, sur- 
rounded by a projecting rim, in one or two rows on each side, and 
somewhat remote in position. 

Found frequently in the drift deposits of Michigan. Some 
specimens are inclosed in a white sand rock, associated with Oris- 


PALA ONTOLOGY. oo) 


kany sandstone fossils ; others originate from the corniferous lime- 
stone, and various specimens were collected by me from the 
Hamilton group of Thunder Bay. It is not uncommon in the cor- 
niferous limestone of Canada, New York, and at the Falls of the 
Ohio. 

Plate IX.—Fig. 3 is a silicified specimen from the Hamilton 
group of Alpena. Fig. 4 is from the corniferous limestone at Port 


Colborne, C. W. 


FAVOSITES RADIATUS, N. Sp. 


Tubes unequal, rounded-polygonal, one and a half to two and a 
half millimeters in width, radiated by twelve prominent rows of 
lateral squamz with intervening deep linear furrows. Diaphragms 
simple, straight, or warped by marginal, siphon-like depressions; the 
pores are numerous, forming from one to three rows ona side. A 
small pit surrounds each of them, as in Favosites tuberosus. The 
tubes of some specimens exhibit the lateral rows of squamz only 
in rudimentary development, and are nearly smooth on the inside, 
with flat, moderately distant diaphragms. In other specimens the 
squamz project with their elongated linguiform apices nearly to 
the centre of the tubes. 

Grows in large convex masses. Found in the Hamilton group 
of Thunder Bay, also at Eighteen-mile Creek, near Hamburg, N.Y. 

Plate X.—Fig 1 represents a surface view of a partly silicified 
fragment of a larger convex mass, found in the Hamilton group of 
Alpena. 


FAVOSITES NITELLA, WINCHELL. 


Tubes rounded-polygonal, subequal, stout-walled, not fully one 
millimeter in width. Tube channels smooth or beset with distant 
lateral squame. Diaphragms partially simple, regular, partially of 
complicated, irregular form, through intersection with the lateral 
squamz. Pores large, distant, in a single row on each side. Mode 
of growth globular or pyriform or digitato-ramose. Resembles in 
structure Favosites Hamiltonensis, differing from it only by much 
smaller tube size. 

Plate XI.—Fig. 4 represents specimens from the blue shales of 
the Hamilton group of Little Traverse Bay. Similar specimens are 
found in the Hamilton strata of Thunder Bay. 
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RAVOSIDES PLACE NAA Na SP; 


Tubes less than one millimeter wide, rounded-polygonal, sub- 
equal or unequal, larger tubes and smaller tubes clustered to- 
gether in separate spots, or single circular tubes dispersed between 
smaller subangular tubes, as in Favos. Canadensis. Diaphragms 
partially straight, simple, partially complicated, with lateral hori- 
zontal squamz. Pores large, distant, in a single row on each 
side. Grows in discoid, undose expansions, with a concentric- 
ally wrinkled epitheca covering the lower side. Transition forms, 
of digitato-ramose form, connect this species most intimately with 
the former species, Fav. nitella. The specimens with single cir- 
cular tubes dispersed through the mass of smaller subangular 
ones show a close affinity to Favosites Canadensis. Although 
specimens from different localities exhibit numerous minor va- 
riations, I consider this a well-marked species characteristic of 
the Hamilton group, from its base to the highest beds. It 
occurs in the upper strata of Partridge Point, in Thunder Bay, in 
the next lower strata of Stony Point, in the massive limestones 
forming the nucleus of the hillocks at Phelps’ quarries, and at 
Broadwell’s and Trowbridge’s mills on Thunder Bay River. In the 
outcrops of Little Traverse Bay it is a frequently seen form; the 
drift deposits of the Lower Peninsula likewise contain many speci- 
mens. The Hamilton strata of Bosanquet township in Canada 
contain it in particularly regular, discoid specimens, which caused 
me to name it Placenta. Similar forms are common in the Hamil- 
ton group of New York. 

Plate XI.—Fig. 1 represents small specimens from Widder, C. W., 
one presenting the upper surface with subequal tubes, the other the 
under side covered by an epithecal crust. Fig. 2 gives specimens 
from the same locality, with unequal tubes, approaching in structure 
Fav. Canadensis. Fig. 3 is part of a large expansion from the 
Hamilton strata at Broadwell’s mill, on Thunder Bay River. 


FAVOSITES RADICIFORMIS, N. Sp. 


Cylindrical and apparently procumbent creeping stems of vari- 
able thickness, from the diameter of a finger to that of a man’s 
wrist, and often several feet in length, with anastomosing or strad- 
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dling branches. Tubes of two sizes—the larger ones circular, from 
one to one and a half millimeter wide, the smaller ones angular, 
filling the interstitial spaces between the larger tubes. Walls 
stout. Diaphragms rarely regular, straight, usually complicated 
with the rows of lateral squamz, as is the case in Favosites 
Emmonsii. Pores large and moderately numerous. The ter- 
minal parts of the stems are always formed of comparatively thin- 
walled, regularly formed tube orifices. On the lateral faces of the 
stems the orifices are often considerably narrowed and disfigured 
by incrassation of the tube walls, while the lateral pore channels 
retain their usual diameter, and become transformed into long 
vermicular ducts of nearly equal size with the principal tube chan- 
nels. Such specimens are very unlike, in external appearance, 
those with normally formed tube orifices. 

I have united within this species two forms, which differ from 
each other in the size of the tubes and of the stems, but otherwise 
correspond in structure. The form with larger stems and coarser 
tubes is found in the upper Helderberg limestones of Michigan, 
but particularly well preserved in the limestones of the Falls of the ° 
Ohio, and at Charleston Landing, in Indiana. The smaller form 
of more delicate structure is peculiar to the Hamilton group, and is 
found at Thunder Bay, often also in the drift associated with other 
Hamilton fossils. 

Plate XII.—Fig. I represents a silicified specimen from the Falls 
of the Ohio, with unusually well-preserved surface characters; the 
central figure in the second tier of the plate isa similar specimen of 
smaller size, and the two stems to the left of it are silicified speci- 
mens of the smaller variety, found in the Hamilton strata of 
Alpena. To the right of the central figure the upper fragment 
represents a horizontal section through a specimen formed of tube 
casts, narrowed by incrassation of the walls, and connected by radial 
branches, which are the casts of the lateral pore channels. The 
lower figure is a vertical section through a similar specimen, in the 
peripheral parts likewise presenting the tube casts in a lateral 
_ view ; the centre of the specimen presents not casts, but the actual 
tube channels, intersected by transverse diaphragms, and in unal- 
tered, not incrassate condition. The outer lower stem is a speci- 
men with abnormally incrassate tube walls, to show the contrast in 
external appearance of various modifications of the species. 
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FAVOSITES LIMITARIS UN. Sp, 


Ramified and reticulated stems, from five to fifteen millimeters 
in thickness, forming horizontally explanate expansions or erect 
fruticose ramifications. Tubes very thick-walled, opening nearly 
rectangularly to the surface, with circular orifices, the walls form- 
ing either a solid, undefined interstitial mass, or, in another state 
of preservation, the polygonal outlines of each tube are visible 
on the surface of the interstices as delicate engraved lines. Sev- 
eral varieties are observed, in regard to the mode of growth 
and the size of tubes. The tube orifices rarely exceed the diam- 
eter of one millimeter; often they are smaller, and in some forms 
they are all equal in a specimen; others have smaller and larger 
orifices intermingled. A part of the orifices on the side faces of the 
stems are often found closed by opercula, situated below the outer 
edge of the channels; in the interior parts of the tube channels 
diaphragms are not regularly developed, and are of rare occurrence. 
Pores large, distant, and irregularly dispersed. In older stems the 
tube channels not unfrequently become considerably narrowed by 
excessive incrassation of the tube walls, while the pore channels gain 
in length and width, and appear on the surface as vermicular, trans- 
verse channels connecting the tube channels, which latter are, in 
their narrowed condition, hardly larger than the connecting pore 
channels. In certain specimens the orifices are ata slightly oblique 
angle to the surface, and surrounded at the lower external rim by 
a raised margin, which approximates this species to the forms of 
Favositoids comprehended under the name Cladopora, in indication 
of which similarity of structure I selected for it the name “mztaris, 
a “joining, transitory form.” 

The different well-marked varieties, which I have considered as 
constituting one species, are found in the corniferous limestone of 
Michigan, Canada, New York, Indiana, and Kentucky, usually in 
silicified condition ; finely preserved specimens are also found in the 
drift deposits of Michigan. 

Plate XIII. represents four varieties of the species. Fig. 1 is the 
usual form found in the drift ; it is likewise the most common variety 
in the corniferous strata of Canada West (Port Colborne) and 
at Caledonia, N.Y. The faintly developed lips at the lower mar- 
gins of the orifices are perceptible in the figures, and in one speci- 
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men the sharply defined polygonal outlines of each tube are also 
plainly seen. Fig. 2 is found in the drift of Ann Arbor; stems 
erect, with fruticose ramification; tubes smaller than in the former 
variety. Fig. 3 grows in much stouter branches than the others; 
the stems are usually compressed, elliptical in circumference; ori- 
fices very unequal in size. The portrayed specimen is from the Falls 
of the Ohio, but the same form is also found in the upper limestones 
of Mackinac Island. Fig. 4 resembles closely form No. 3, and occurs 
in association with it at the Falls of the Ohio; its tubes and stems 
are in alltheir proportions smaller. On Plate X. casts of this species 
are represented (Fig. 3) as they occur in the drift. The conical, sub- 
angular form of the tube channels, the almost total absence of dia- 
phragms, the dispersed position of the pores, and the mode of 
gemmation of one tube from the other, are plainly conspicuous in 
the figures. 


PAVOSIEES (Ch AU SUS) UN. 2 Se: 


Clustered, rapidly branching and anastomosing flexuose stems, 
varying from one half to one centimeter in thickness. Tubes 
unequal, the larger ones circular, measuring in different specimens 
from one half to one and a half millimeter in diameter; the 
smaller tubes filling the interstices between the larger ones are 
subangular. Orifices at the ends of the branches all open; on the 
sides of the stems most of them are found closed by opercula. 
Opercula flat or convex, some of them decorated with twelve 
marginal carine radiating toward the centre. Diaphragms partly 
simple and regular, but largely intermingled with irregular partial 
septa, formed by the development of lateral squamz analogous to 
the vertical rows of leaflets in other species of Favosites. Pores 
numerous. Under this species I comprehend several varieties 
which closely resemble each other in general structure and mode 
of growth, but which may possibly be distinct forms. They occur 
in the Hamilton group and in the corniferous limestone. 

Plate XI1V.—Upper left-hand figure represents a silicified speci- 
men from the Hamilton group of Thunder Bay River, near Broad- 
well’s mills. Similar ramifications are found in the Hamilton strata 
of Widder and Arcona, in Canada. The tubes of this form are 
smaller than in the forms of the Helderberg group. The right-hand 
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specimen in the upper row of the plate is from the corniferous 
limestone found in thé drift of Ann Arbor ; its tubes are nearly all 
of equal size and closed by opercula. 

In the left-hand figure in the lower tier, from the Falls of the Ohio» 
the large circular tubes are in great contrast with the smaller sub- 
angular ones. The right-hand lower figures are single branches from 
the usual variety occurring in the corniferous limestone of Michigan, 
Canada, New York, and in the Western States. The specimens 
selected are also from the Falls of the Ohio. 


FAVOSIIES INTER TE SUS) Ne Se, 


Irregularly reticulated masses of cylindrical or compressed 
elliptical stems, from one to two centimeters in thickness. Tubes 
quite unequal, stout-walled, the larger ones circular, the smaller 
subangular, filling the interstitial space between the larger tubes. 
Size of the larger tubes not much over half a millimeter. In the 
centre of the stems the tube channels are regularly formed, with 
moderately thick walls, and intersected by complete or incom- 
plete squamiform diaphragms, and connected by distant pores. 
In the peripheral portions of the stems, the tube channels, by 
habitual thickening of the walls, have shrunk to filiform thin- 
ness, while the lateral pores have become more profusely de- 
veloped and equal in width to the shrunken tube channels. Here- 
by a network of anastomosing ducts is formed, which can not 
be properly observed in fully-preserved specimens; in the drift, 
however, weathered specimens frequently occur in which the 
casts only of these reticulated ducts are preserved in silicified con- 
dition, the wall substance having all decayed. No one would 
likely recognize in these networks the casts of a Favosites if parts 
of the fully-preserved coral were not found in immediate contiguity 
to such networks. The contracted tube channels usually expand 
again to their normal diameter in close proximity to the surface. 
Found in the upper limestones of Mackinac and in the drift of the 
Lower Peninsula. 

Plate XV.—Fig. I represents reticulated tube casts with the central 
portions of the stems formed by normally shaped tube channels. 
The object is too minute in the specimen. On Plate X., Fig. 4, 
similar casts of somewhat coarser stems are represented. On Plate 
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XV. the upper left-hand figure isa palmate branch found in the 
drift of Ann Arbor; some specimens have much stouter stems, 
while others are only of the thickness of a lead-pencil, forming retic- 
ulated clusters. 


PaVOsl lh S “OrGin Aiea Nig SP: 


Cespitose masses of subparallel anastomosing stems of the thick- 
ness of a finger, or single stems with more straddling branches. 
Tube walls stout, joining under polygonal outlines, lined by a 
cycle of vertical rows of horizontal squame, usually fewer in num- 
ber than the normal twelve. Diaphragms sometimes regular, fre- 
quently incomplete, replaced by the lateral squamz. Pores large. 
Tubes in different specimens variable, from one to one and a half 
millimeter in diameter. The polygonal form of the orifices and the 
generally well-developed squamz within the tube channels render 
this form at once recognizable from other branching forms of 
Favosites, which have their orifices always more rounded, nearly 
circular. . 

It occurs in large clustered masses in the black, shaly lime- 
stones of the Hamilton group, on the shore of Lake Huron, from 
Thunder Bay Island, northward ; similar masses are inclosed within 
the limestones of Little Traverse Bay, in beds of various horizons, 
and preserved in calcified condition. On Thunder Bay River it is 
found in silicified condition in the lower beds near Trowbridge’s 
mills; in the drift of the Lower Peninsula, also, silicified specimens 
associated with other characteristic Hamilton fossils can often be 
picked up. 

On Plate XV., the six right-hand figures of the lower tier are 
silicified specimens, of various tube size. The two outer figures 
and the lower central branch are from the drift of Ann Arbor; 
the other three branches are from the north fork of Thunder Bay 
River; the lower small branch has considerably thickened tube 
walls, forming within the polygonal, truncate, disciform tube ends 
a central proboscis-like prolongation. The cespitose specimens 
from the dark limestones, from the shore of Lake Huron and from 
Little Traverse Bay, can not be successfully represented by photog- 
raphy on account of their sombre color. 
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ALVEOLITES, LAMARK. 


Massive convex or expanded laminar, rarely ramose, polyparia 
composed of intimately united, compressed tubules, intersected 
by transverse diaphragms, connected by lateral pores, and longi- 
tudinally crested on the inside. The tubes in the massive or 
laminar forms are prostrate, diverging from a central point, and 
open obliquely to the surface; in the ramose forms the tubes are 
ascending and arching outward from an imaginary central axis, as 
in branching forms of Favosites. Tube walls moderately stout 
and not expanded at the orifices, the inner margin of which is 
appressed to the body of the polyparium and lost in a common 
interstitial surface ; the outer margin projects as a sharp lip. Cav- 
ities of tubes lined with longitudinal crests or rows of spinulose 
projections, which normally should be twelve in number, but it is 
rarely the case that all of them are found developed. Usually two 
or three of the crests, or crested rows of spinules, grow large and 
conspicuous; the others have a more rudimentary development, 
or have sometimes become obsolete. Diaphragms comparatively 
more distant and irregular than in Favosites. Pores very large, sit- 
uated on the two lateral edges of the compressed tubes, or at least 
in close proximity to them. The genus Alveolites appears contem- 
poraneously with Favosites, for the first time, in the upper Silurian 
strata. 


AVE Ol TES NLAGAR EN SIS iN Sp: 


Convex hemispherical masses of concentrically laminated structure, 
covered by an epithecal crust on the lower concave side, or undose, 
discoid expansions composed of superimposed layers of prostrate 
tubes, diverging with a slight spiral twist from a central vertex, sev- 
eral of which are sometimes observed on an expansion. The com- 
pressed tubes are always more convex on the upper sides, with a 
corresponding concavity of the lower sides, which rest on the con- 
vexities of the subjacent tubes. The compression is sometimes 
only moderate, and the outside of the oblique orifices is formed by 
a projecting arched lip; in other specimens the compression is 
stronger, the orifices become narrow, lanceolate, or fissure-like, 
with an appressed subplane lip on the outer side. The orifices of 
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the majority of specimens are surrounded by a cycle of denticules, 
corresponding to longitudinal rows of spinules along the inner sur- 
face of the tube walls. The rows are rarely fully twelve in num- 
ber, and some of them are always more strongly developed than 
others. In some specimens no denticulation of the orifices can be 
observed, and the tube channels are found to be almost smooth ; 
this is not in all cases owing to a want of development of the crests 
or spinules; these seem often to have been obliterated by im- 
perfect preservation in the process of petrification. 

Diaphragms somewhat distant and oblique. Pores large, margi- 
nal, causing a pouch-like dilatation of the tube wall at the spot 
where situated. Diameter of tubes in the wider transverse direction 
varies in different specimens, from a half to one millimeter, which 
difference in size greatly alters their aspect. The degree of com- 
pression of the tubes, their more erect or more prostrate position in 
various specimens a]so cause numerous variations in their appear- 
ance, but no tangible line between one and another of the forms 
exists. I have, for this reason, considered all of them as repre- 
senting the modifications of one and the same species. It occurs 
in great abundance in the Niagara group of Drummond’s Island, 
at Point Detour, and in other localities. It is often found also in 
the drift of the Lower Peninsula. The specimens are all silicified- 
and in but few of them are the more delicate structural characters 
well preserved. Certain specimens found in the drift exhibit prin- 
cipally the silicified casts of the tube channels, which have the form 
of flattened bands with rounded mamiform protrusions and inter 
mediate indentations of the lateral margins; onthe summit of each 
protrusion a pore channel or its cast is situated. 
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_ Plate XVI.—Fig. 1 represents a silicified specimen from the drift 


42 LOWER PENINSULA. 


of Ann Arbor. Fig. 2 is found at Drummond’s Island. The latter 
specimen exhibits the longitudinal rows of spinules very distinctly, 
but the object is too small to be properly seen in the not magni- 
fied figure. 


ALVEOLITES SQUAMOSUS, BILLINGs. 


Convex masses of irregular growth, covered by an epithecal crust 
on the partially free, centrally attached under side, or sometimes 
incrusting other marine bodies. Tubes in the broader, transverse 
direction from one half to one millimeter in diameter, and in the 
other direction quite variable, in accordance with the degree of 
depression of the tubes, which are convex on the upper side and 
concave on the lower. Orifices very oblique, with a sharp lip on 
the outer margin. Tube channels longitudinally crested by twelve 
well-developed rows of spinules, of which generally some are larger 
than the others. Diaphragms not very close, and irregularly 
oblique. Pores large, marginal, but not causing a pouch-like dilata- 
tion of the tubes as in the Niagara species. 

Found in the upper Helderberg limestones of Michigan, and in 
the drift; common also in the Helderberg limestones of Canada, 
New York, Ohio, Louisville, etc. 

On Plate XVI., Fig. 3 is a silicified specimen found in the drift, 
giving a surface view; Fig. 4, likewise found in the drift, is com- 
posed of casts of the tubes. They are delicately punctured by im- 
pressions of the longitudinal rows of spinules. They exhibit the 
laterally situated pores and the distant, irregular diaphragms. The 
figures are of natural size. 


PEW BOM TEE SS Veve cORUM MEK. 
(PALEONTOLOGY OF MACKENZIE RIVER.) 


Specimens resembling the forms described by Mr. Meek, from 
Mackenzie River, are frequently found among the drift pebbles of 
Lake Superior. In some of them the tube walls are preserved ; 
in others only the casts of the tube channels, which have the form 
of narrow, flat bands, connected with each other by short marginal 
bridges, representing the pore channels. The bands are longitudi- 
nally striate by fine, punctiform impressions, and transversely inter- 
sected by numerous closely approximated diaphragms. The width 
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of the tube casts is about one millimeter, and their thickness one 
fourth of a millimeter. 

Plate XVII.—Fig. 3 is a silicified specimen split in two, formed 
of tube casts. Found on the shore of Lake Superior, at White- 
fish Point. Among the pebbles of the same locality other speci- 
mens of Alveolites are found, which agree with Alveolites squa- 
mosus, Billings. 


EV POLITIES sUbK A WOS US Na SP: 


Incrusting expansions of irregular form, dependent from the in- 
crusted object in the first stages of growth, subsequently of mamil- 
late or digitato-ramose form. Orifices not over half a millimeter 
wide, margined on the outer side with a convex projecting ora 
flattened appressed lip ; denticulated by crests, one of which in the 
median line of the inner body side of the tubes is much more promi- 
nent than the others. Pores large, rather remote. Diaphragms 
distant. Found in the Hamilton group of Thunder Bay, at Stony 
Point, and otherlocalities. In mode of growth it perfectly resem- 
bles the branchlets from the Devonian strata of the Eifel, described 
by Milne-Edwards under the name of Alveolites subequalis, but its 
tubes are more minute and more strongly compressed than in that 
form. 

Plate XVIII.—Fig. 4 represents calcified specimens from Stony 
Point, Thunder Bay, etc. 


ALVEOLITES GOLDFUSSII, BILuinecs. 


Undose, discoid expansions, with an imperfectly developed epi- 
theca on the lower side, exhibiting the prostrate tube walls diverg- 
ing from a central point of attachment. Orifices oblique to the 
surface, rarely denticulated at the margins, but interiorly, spinulose 
longitudinal crests are. found well developed in polished sections. 
The tubes are seen in various degrees of compression in the same 
specimens; usually their transverse diameter is twice larger than 
their height, but sometimes tubes nearly as wide in one direction as 
in the other, and almost erect, as in an ordinary Favosites, can be 
observed. The size of the tubes is larger than in Alveolites squa- 
mosus, measuring in the larger diameter from one and a half to two 
miliimeters. 
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Pores large, situated on the lateral edges of the tubes. Diaphragms 
well developed, irregularly oblique or straight transverse. Found 
in the Hamilton strata, of Thunder Bay region, near Sunken Lake; 
more common in the Hamilton group of Widder, C. W., and in 
the Hamilton strata of Iowa. 

Plate XVII.—Fig. 2 gives a surface view of part of a specimen 
from Widder, C. W. 


LIMARIA STEININGER. 
Synon., C@NITES EICHWALD. 


Small branching stems or laminar expansions, composed of thick- 
walled, conico-cylindrical tubules, with transversely compressed 
orifices, opening obliquely to the surface, surrounded on the outer 
side by an exsinuated lip, bearing two teeth projecting into the 
cavity. From the median line of the inner side of the walls, 
another tooth-like crest projects between the two outer ones. The 
tubes are connected by lateral pores, and intersected by transverse 
diaphragms. The diaphragms are regularly found in the thin- 
walled tube portions, but are rarely developed in tubes with 
thickened walls. 

From Alveolites, Limaria differs only by more conical, stout- 
walled tubes, of less compressed and more rounded form in the 
central or basal parts of the polyparia. The number of longi- 
tudinal crests is in Limaria more restricted than in Alveolites, and 
rarely exceeds three. The three dentiform projections at the 
orifices of Limaria are the only structural difference separating it 
from the genus Cladopora, which has smooth, not crested tube 
channels; there are also, however, in species of Cladopora indi- 
cations of crests, and the generic arrangement of many of the spe- 
cies in question is more a matter of individual arbitration than based 
upon any obvious typical difference. 


CIMARTA SRAM UIE OS AG EVAI I. 


Found in the Niagara group of Lockport, etc. I have not been 
able to find it in Michigan. Another form of ramulets, which, accord- 
ing to the denticulated structure of their tube orifices belong to the 
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genus Limaria, is Cladopora verticillata of Winchell and Marcy. 
It is of common occurrence in the Niagara group of Indiana, Wis- 
consin, and Kentucky, but has not been met with in Michigan. 


TTA TAS eAveN AIAG TA aie 


Thin, undose, laminar expansions covered by an epithecal crust 
on the lower side. Tubes stout-walled, forming a massive inter- 
stitial surface between the orifices, which is sometimes larger than 
a tube diameter, other times less. Orifices, if well formed, crescent- 
shaped and less than half a millimeter in diameter. The convex 
side of the crescent forms a more or less projecting lip, with two 
rather obscure, dentiform crests; on the concave side of the cres- 
cent another more conspicuous crest occupies the median line. The 
specimens exhibit on their surface at various intervals certain 
centres, around which the orifices are disposed in spirally twisted 
rows; the concave sides of the orifices are always directed toward 
these imaginary central points. Of common occurrence in the Ni- 
agara group of Drummond’s Island, and at Point Detour, but many 
of the specimens have by silicification lost the finer details of 
structure. 

Plate XVIII.—Fig. 2 represents a specimen from Point Detour, 
of natural size. 


LIMARIA CRASSA, N. Sp. 


Grows in thick, laminar expansions, of undose surface, covered on 
the lower side by an epitheca. Often several such laminz are su- 
perimposed, and sometimes two leaves stick together at the epithe- 
cal side, and a lamina with orifices on both sides is the result. 
Orifices variable in the same specimens. If normally formed they 
are kidney-shaped, separated by massive interstitial spaces formed 
by the thick tube walls. They open obliquely to the surface, with a 
lip on the outer margin. In other tubes the lip scarcely projects, 
and the orifices appear as an unsymmetrically oval opening sur- 
rounded by a massive interstitial surface. Often, also, the tubes are 
joined, with nearly erect, subangular, less thick-walled orifices. On 
the inner side of the walls a conspicuous crest projects from the 
median line,and on the outer walls two others of smaller size fork 
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over the opposite one; by a great thickening of the walls, the crests 
become obsolete. Pores are large and numerous. Diaphragms 
developed in the thinner-walled tubes. Found in the Niagara 
limestone of Point Detour, Drummond’s Island, and in the expo- 
sures of the Niagara group along the shore of Lake Michigan, in 
the west part of the Upper Peninsula. 

Plate X VIII.—Fig. 1 represents fragments from Point of Barques 
on Lake Michigan (southwest of the mouth of Manistic River). 


CEADORORA, Ant. 


Ramose and anastomosing stems or laminar expansions, with 
orifices on one or both sides, composed of thick-walled, elongate, 
conical tubules, opening obliquely to the surface, with dilated 
orifices. Tubules laterally connected by pores. Diaphragms have 
originally been denied by the author in his genus Cladopora, but 
their occasional development is proved by many actual observa- 
tions, although usually the tube channels, in specimens, are found 
open throughout all their length. 

The tube cavity of Cladopora is said to be destitute of longitu- 
dinal furrows or crests, in distinction from Limaria and Striatopora, 
but this is merely through habitual obsolescence of a character 
which properly belongs to the entire Favositoid family, and which 
in some of the most characteristic species of Cladopora has been 
recognized in rudimentary development. 


CLEADOP OWA AOU EG Aes eNeeSP: 


Large, reticulated, horizontal expansions, formed of round or com- 
pressed elliptical stems, from two to four millimeters in diameter, 
with narrow, intervening loops of elongate, lanceolate form. Tubes 
very thick-walled. Orifices separated by broad interstitial spaces, 
transversely oval, somewhat dilated, nearly one millimeter wide in 
transverse direction, witha stout lip on the exterior margin ; the in- 
terior margin impressed and confluent with the massive interstitial 
surface. Pores plainly discernible. Diaphragms sometimes notice- 
able, closing off the peripheral tube ends. By silicification the finer 
surface details of the specimens are generally much impaired. 
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Occurs in the Niagara group of Point Detour, and all along the 
exposures of the south shore of the Upper Peninsula. 
_ Plate XVIII.—Fig. 3 represents a fragment of a large expansion 
in silicified condition. Found near Seul Choix, on shore of Lake 
Michigan. In mode of growth this species bears much resemblance 
to Cladopora reticulata, Hall; but the latter is a more delicately 
built species, with smaller, nearly circular tube orifices. 

In the drift deposits of Michigan, specimens of Cladopora multipora, 
Hall, are often met with. 


CLADOLORA CICH a NODES, ING kor: 


Irregularly undose, laminar expansions, covered by an epithecal 
crust on the lower side, which is formed by prostrate, flattened 
tubes, coalesced intimately and diverging horizontally from a cen- 
tral apex. Toward their peripheral ends the tubes bend into a 
suberect position and lose their flattened form, becoming rounded 
and dilated near the orifices. These are sometimes nearly upright, 
and join with acute margins, resembling an ordinary Favosites ; at 
other times the obliquity of the orifices is more pronounced, and the 
outer tube margins form an arched projecting lip, while the inner 
margin merges into a narrow, common, interstitial surface. The 
flattened tubes, forming the base of the expansions, connect by nu- 
merous lateral pores situated on both edges; the erect, more 
rounded portions of the tubes have the pores irregularly dispersed 
over their circumference. 

Diaphragms sparingly developed at irregular, remote intervals, 
often closing the peripheral tube ends, under the form of opercula. 
The tube cavity is generally smooth, without crests or longitudinal 
furrows, which induced me to place this species with Cladopora, and 
not with Alveolites, under which it might otherwise be classed 
with propriety. Found frequently in the drift of Michigan. It 
occurs in place in the corniferous limestone of the Falls of the Ohio, 
in Canada and New York, etc. eer 

Plate XVII.—Fig. 1 gives a surface view of silicified specimens 
from the Falls of the Ohio. Fig. 41s a specimen found in the drift 
of Ann Arbor, exhibiting the casts of tubes seen from the basal side 
of an expansion. The flattened form of the prostrate channels, 
with numerous short marginal pore connections, the gemmation of 
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young tubes from older ones, the disposition of distant diaphragms, 
the more rounded and dilating peripheral tube ends, bent into sub- 
erect position—all can be studied in such casts to much better ad- 
vantage than in the most perfectly preserved specimens. 


CLADOPORA FISHER], BILLINGs. 
Synon., ALVEOLITES FISHERI, Billings. 


Palmate, laminar expansions, attached by a clumsy, massive root 
portion to other bodies. Orifices on both sides of the leaves, open- 
ing obliquely to the surface, with a sharp lip on the exterior side ; 
the inner tube margin merges into a common interstitial surface, of 
variably broader or narrower extent. The thickness of the tube 
walls and the obliquity of the orifices vary much in different parts 
of the specimens, and accordingly the surface characters are quite 
changeable. On the terminal edges of the fronds the tubes 
are thin-walled and the orifices join with sharp, crested outlines. 
In the central and basal portions of the expansions, the walls 
are thickened, and the oblique orifices separated by intervening 
solid interstitial spaces, margined on the exterior side by a lip, 
which surrounds a transversely oval, or often a nearly circular 
mouth. Sometimes the orifices are not lipped, and form shallow, 
undefined depressions in the massive wall substance, at the bot- 
tom of which the narrower part of the tube channels begins. Again, 
these superficial pits are circumscribed by polygonal, carinated out- 
lines. A difference also exists in the upper and lower surfaces of 
the fronds, which seem to have grown in horizontally spreading 
direction. The upper side is always marked by sharper, more pro- 
Jecting contour lines, while on the lower surface all the contours 
are dull and rounded. 

The orifices are about one half a millimeter wide, or somewhat 
larger, oval or kidney-shaped on the external margin ; the inner tube 
portions are round or subangular. Pore channels are large and 
numerous. Diaphragms frequently developed under the form of 
superficial opercula, frequently noticed also in the inner portions of 
the tube channels, but in specimens with very stout-walled tubes 
rarely observed. The original specimens described by Billings were 
found in the Hamilton group of Widder, C. W., in calcified con- 
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dition ; identical, but silicified specimens occur in the Hamilton 
group of Thunder Bay, and in boulders of the drift which inclose 
other characteristic Hamilton fossils. Entirely similar specimens 
are found in the corniferous limestone of the Falls of the Ohio, and 
at Charleston Landing, Indiana. 

Plate XIX.—Fig. I represents a silicified specimen from the drift 
of Ann Arbor. Fig. 4 is a specimen from the Hamilton group of 
Widder, C. W., the typical locality for Mr. Billings’ specimens. 


CENDOROKA CANA DEIN SES Ne Se: 


Palmate, laminar expansions, like the former species, with which 
it is found associated and agreeing in general structure. Tubes 
much smaller. Orificesat the ends of the fronds subrotund or trian- 
cular, with a convex, centrally indented lip on the outer side. On 
the stouter central and basal parts of the expansions, the lips are 
appressed, opening, transversal, fissure-like, or the lips have, besides 
the central indentation, two lateral ones, giving the orifices an arched, 
semi-lunar form. On the under side of the fronds the orifices are 
impressed into the massive interstitial wall substance, with a shal- 
low depressed space surrounding them, which is defined by very 
obtuse rounded, subpolygonal outlines. On the upper surface, all is 
raised into stronger relief. Found in the Hamilton group of Wid- 
Glee, (Ga 

Plate XIX.—Fig. 3 is a representation of one of these speci- 
mens. 


CE DOLOWA waUIKG EDAS Ns SP: 


Stout laminar expansions, with orifices on both sides. Tubes 
thick-walled, with a narrow cylindrical channel, which dilates near 
the surface into transversely oval or kidney-shaped oblique orifices, 
spreading, with the inner part of the margins, into a common inter- 
stitial surface, on which, by slightly raised carine, the polygonal out- 
lines of each tube are defined. The outer margin projects as a 
short lip sinuated on both sides, or simply straight. In well-pre- 
served specimens, on the expanded part of the orifices, longitudinal 
furrows are faintly developed, as in the genus Striatopora. A differ- 
ence is noticeable between the upper and under side of the fronds. 
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Pores well developed. Diaphragms rarely observed excepting as 
opercula. Diameter of orifice a little over one millimeter ; internal 
tube portions half a millimeter. Found in the Helderberg group 
of Mackinac Island, at Port Colborne, C. W., and likewise in the 
drift of Ann Arbor. 

Plate XIX.—Fig. 2 is a silicified fragment found in the drift of 
Ann Arbor. | 


CLADOPORA CRYPTODENS, BILLINGS. 
ALVEOLITES CRYPTODENS, Billings. 


Cylindrical polyp stems, from five to ten millimeters in diameter, 
with distant, dichotomous, straddling ramification. Tubes opening 
with oblique dilated orifices, which either join with acute edges, 
each of them being a circumscribed pit, or have the inner part of 
the walls spread into an indefined, common interstitial-surface, from 
which the convex lips forming the front margin of the orifices pro- 
ject like the teeth of arasp. ‘Tube size variable in different speci- 
mens; in the variety with larger tubes the transverse diameter of 
the dilated orifices is about one and a half millimeter, the interior 
cavity of the channels measuring about a half of one millimeter. 
In the variety with smaller tubes the orifices measure about one 
millimeter externally, and the internal channels one third of a milli- 
meter. The tube cavities usually appear to be smooth, but in well- 
preserved silicified specimens, cleared by acids of the surrounding 
limestone, the tube channels exhibit three crests, two projecting 
from the exterior side of the wall, and one intermediate between 
the two, from the opposite inner wall side. These crests are not 
noticeable on the dilated orificial part of the tubes, but are distinctly 
seen in the neck of the channel, where the narrower part begins. 
Transverse diaphragms are rarely found developed. Pores are 
large and irregularly dispersed. The crested condition of the 
tube channels would bring this species under the genus Limaria, 
or perhaps under Alveolites, where Billings placed it, but, consider- 
ing the general habitus of the specimens, I have placed them under 
Cladopora, as being nearest related to the forms composing this 
genus, which is only deprived of crests through the incomplete de- 
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velopment of a character typical for the whole family to which it 
belongs. 

Found in the upper Helderberg limestones of Michigan, New 
York, Canada, and in the Western States ; also common in the drift 
deposits of Michigan. 

Plate XX.—Fig. I.represents several fragments of branches with 
the larger tubes. Orifices somewhat variable in different branches. 
Fig. 2 is the variety with smaller tubes, corresponding in all partic- 
ulars with the larger tubed form. All the specimens figured are 
selected from the Falls of the Ohio, as being better preserved than 
those from any other locality. 


CLADOPORA ROEMERI, BILLINGS. 
ALVEOLITES ROEMERI, Billings. 


Cylindrical or compressed branching stems of about five millime- 
ters diameter. Orifices comparatively large, oblique to the surface, 
and joining with their expanded margins in an indefined interstitial 
surface, or under subangular, obtusely crested outlines, inclosing 
shallow, obliquely funnel-shaped pits, the outer margins of which 
project as arched lips; the inner walls of the pits spread insensibly> 
merging into the lips of the adjoining pits. External diameter of 
orifices about one millimeter; interior tube channel one third of a 
millimeter. The orifices are frequently closed by opercula situated 
below the external margins. Diaphragms in most of the specimens 
sparingly developed. Pores large and irregularly disposed. 

Occurs in the Hamilton strata of Widder, Canada West, in cal- 
cified condition. Silicified specimens are found in the corniferous 
limestone and in boulders of that formation, mingled with the 
drift of the Southern Peninsula. ; 

Plate XX.—Fig. 3 represents specimens from the typical locality 
of Widder, Canada West. 


CEADOPOR A ALPE NEN SES Na Sp: 


Branching cylindrical stems, from five to ten millimeters in 
diameter. Orifices slightly oblique, dilated, joining under linear 
polygonal outlines on an even, narrow, interstitial surface ; external 
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margins not projecting asa lip, excepting a small nodular projec- 
tion in the centre of the outer margin, which gives the transversely 
widened, elliptical mouths a faint kidney shape. The inner expanded 
margin of the orifices is very delicately striate in radial direction. 
Diameter of orifices externally about one millimeter ; internal tube 
cavity about half a millimeter wide. Diaphragms rarely noticed. 
Pores large and irregularly dispersed. 

Found in silicified condition in the upper strata of the Hamilton 
group of Thunder Bay. 

Plate XX.—Fig. 4 represents a few of the branchlets. The linear 
polygonal outlines of the tubes are recognizable in the figures; the 
striation of the margins is too delicate to be seen on them. 


CLADOPORA LABIOSA, BILLINGS. 
ALVEOLITES LABIOSA, Billings. 


Small, branching, reticulated stems, from two to five millimeters 
in diameter, growing from an attached, massive root portion in hori- 
zontally spreading direction. Orifices oblique to the surface, sub- 
circular, surrounded on the exterior side by a prominent convex 
lip; the interior part of the orificial tube walls spreads into an un- 
defined, flat, interstitial surface. By wearing of the surface the lips 
often become deeply sinuated in the centre, and then the orifices 
are acutely triangular. In certain specimens considered to bea 
variety of this species, the closely crowded small orifices are sur- 
rounded by small pits impressed in the thick wall substance, and 
open on the surface with less obliquity than in other specimens, 
and with only a small lip developed; on the exterior margin. The 
size of the tubes differs somewhat in the specimens, but a more ob- 
vious difference in appearance is caused by the variations in the 
width of the interstitial spaces. In some specimens the orifices are 
separated by interstices less than the diameter of a tube, while in 
others the interstitial space is two or three times as large. In 
adult parts of stems the intervals between the orifices are always 
greater than they are near the terminal branchlets. The diameter 
of tubules at the orifices is about half of one millimeter ; internally 
the channels are narrower. Within the cavity of some tubes, on 
the outer side of the walls, two crests can be noticed by looking into 
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the orifices, but in others of equally well-preserved specimens no 
crests are recognizable. Lateral pores well developed. Transverse 
diaphragms have not been observed. The casts of tubes often 
found in drift specimens are always uninterrupted, thread-like, lat- 
erally connected by short transverse bars representing the pores, and 
exhibiting the intercalation of new young tubules, connecting by a 
perforation at the apex with their mother-tubes. 

-Found abundantly in the drift of Michigan, in a porous cherty 
rock containing many other corniferous limestone fossils. In Canada 
and New York it is common in the corniferous limestone; occurs 
also at the Falls of the Ohio. 

Plate XXI.—Fig. 2 represents a number of branchlets of variable 
form. The two lower figures on the left side are excepted; they 
are described under the name of Cladopora rimosa ,; but in the lower 
tier of this plate the smaller central specimen is considered as a 
variety of Cladopora labiosa. 


CEADOLORA KIMOSAy Ns SP: 


Reticulated expansions of small teretiform or elliptically com- 
pressed stems, much resembling the former species. Orifice openings 
very oblique to the surface, transversely compressed, fissure-like, 
margined by a sharp closely-appressed lip on the outer side. Di- 
ameter of orifices in transverse direction from one half to two thirds 
of a millimeter; interior tube channels cylindrical and much nar- 
rower. Interstitial spaces large and flat. This form is the usual 
associate of Cladopora labiosa, and may perhaps be only a variety 
of that species ; but the two forms are so constant, not merging into 
one another through transition forms, that I believe them to be dis- 
tinct. Found in the drift of the Lower Peninsula. 

Plate XXI.—Fig. 2. The two lower left-hand stems; the 
larger forked specimen is broken off from a disciform basal expan- 
sion incrusting the stem of a Cyathophyllum Hallii. 


CeADOLOR AT RING UNS singe Se: 


Horizontally expanded, branching and anastomosing stems of 
usually compressed elliptical form, but sometimes cylindrical. Di- 
ameter of stems from five to ten millimeters. Orifices in the older 
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stems subreniform shallow pits, impressed into a massive common 
wall substance, composing broad interstitial spaces. The actual tube 
opening, commencing at the bottom of these pits, is narrow, fissure- 
like, and margined by a small lip which does not project above the pit. 
In the ends of the branches the tube walls are less thickened, and the 
orifices not surrounded by pits, subcircular, margined by a moder- 
ately projecting convex lip. These terminal parts of the ramifica- 
tions resemble the specimens figured as Clad. labiosa. The three 
right-hand branchlets and future collections may demonstrate the 
three last-described species to be only modifications of one; but 
for the present this direct affinity between them is not proved, where- 
fore I point them out as specifically distinct. Found associated 
with the other forms in the drift of the Lower Peninsula. 

Plate XXI., Lower tier—The two larger specimens were found 
in the drift of Ann Arbor, in a porous cherty rock, originating from 
decomposition of a siliceous limestone, of which sometimes an 
unaltered nucleus forms the centre of the boulders. The specimen 
in the centre below the two figures represents a variety of Clado- 
pora labiosa. 


CEADOPORA] PUI CEA. NE SE: 


Small cylindrical stems, from three to five millimeters in thick- 
ness, growing in reticulated ramifications, composed of thick-walled 
conical tubules, diverging in a curve from an imaginary longitudi- 
nal axis, opening almost at a rectangle to the surface, with circular 
orifices separated by interstitial walls wider than a tube diameter. 
The end of each tube either projects as a small monticulose protu- 
berance above the general surface, and is defined from the adjoining 
tubes by delicate linear furrows circumscribing polygons, or the 
lower half only of each tube wall projects under the form of a low 
semicircular lip. In other specimens the single ends of the tubes 
do not project, and are not defined in their circumference, their 
orifices opening on the massive surface as simple circular perfora- 
tions, surrounded at the outside by a shallow depressed area. Tube 
diameter at the orifices one third to one half millimeter, near the 
centre of the stems much narrower. Lateral pores numerous, in un- 
equally dispersed position. Diaphragms sparingly developed. On 
the casts of the tubes which frequently occur in weathered drift 


— 


PALAONTOLOGY. 55 


specimens, a cycle of longitudinal carinations is faintly visible. In 
its structure this elegant small species approaches Favosites limi- 
taris, which could likewise be not inappropriately arranged under 
the genus Cladopora. The thick-walled conical tubes, the greater 
obliquity of the orifices to the surface, with a sometimes well-de- 
veloped prominent lip, bring this form nearer to the Cladopora type 
than to Favosites. Very common in the drift boulders of the cor- 
niferous formation in Michigan ; it occurs in place in the Helderberg 
limestones of Canada, and at the Falls of the Ohio, near Louisville. 

Plate XXI.—Fig. 1 represents a number of variations, amongst 
which are found stems with smaller tubes and with larger tubes, 
with projecting monticulose orifices and with lipped mouths, or 
with massive surface of the stems, with the orifices impressed as 
shallow pits. Some of the stems represented exhibit also sharp, 
linear, polygonal furrows circumscribing the tubes. 


CHEADOPOKRA  KOBUSTAGs Na Se: 


Palmato-ramose, occasionally reticulated stems, of round or com- 
pressed elliptical form, growing in horizontal expansions, spreading 
sometimes over the space of several square feet. Stems attaining a 
thickness of from one to two centimeters. Tube openings oblique 
to the surface, with gently dilating orifices, joining under subacute 
margins, by which the surface is divided into a network of rhom- 
boidal spaces with rounded corners. The lower angle of the rhom- 
boids is formed by the projecting semicircular lips of the orifices, 
which, by wearing off, become emarginated and acutely triangular 
in shape. Transverse diameter of orifices about one millimeter, 
in other varieties smaller. Diameter of tube channels below the pe- 
ripheral surface one quarter to one half of a millimeter. Tube walls 
stout, thickening near the periphery. Lateral pores distant. Dia- 
phragms sometimes observed, but not developed in the majority of 
the specimens. Several varieties, in manner of growth and size of 
tubes, can be distinguished. 

Found in the corniferous limestone and in the Hamilton group. 
The Hamilton specimens occur in the vicinity of Alpena, on Thun- 
der Bay; the specimens of the corniferous strata are frequently 
found in the drift of Michigan, but the Falls of the Ohio is the lo- 
cality where this species can be found in greatest perfection and in 
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greatest abundance. The represented specimens are from that 
locality. 

Plate XXII.—Fig. 1 represents two silicified branches with larger 
tubes. Fig. 2 is a branch of smaller tube size. 


CLADOFORA IMBRICA TAS ie osb. 


Cylindrical ramified stems, attaining a diameter of two centime- 
ters, attached by a massive basal expansion. Tubes opening very 
obliquely to the surface, with narrow, transversely compressed ori- 
fices, joining under rhomboidal outlines. The sharp subarcuate 
lips forming the exterior margin of the orifices are closely appressed 
to the body of the stems, and arranged in an imbricating order like 
the scales of a fish. 

Transverse diameter of orifices two millimeters, by a width of only 
half a millimeter across the centre of the lanceolate mouths. Inter- 
nally the tube cavity becomes nearly circular and much narrower, 
not over half a millimeter in diameter. Pores distant. Dia- 
phragms have not been observed. Some specimens found in the 
drift of Michigan seem to belong to this species, which is not un- 
common in the Helderberg limestones at the Falls of the Ohio. 

On Plate XXII., lower tier, the two outer stems on the right- 
hand side are figures of silicified specimens found at the Falls of 
the Ohio. 

The next two species described, found in the Helderberg lime- 
stones at the Falls of the Ohio, have not been recognized in the stra- 
ta of Michigan, but in order to give the description of this tribe of 
corals more completeness, I have allowed myself, in behalf of sci- 
ence, to transgress a step beyond the prescribed limits. It is very 
probable, however, that future collectors will find these forms in 
Michigan. 


CEADORONATAS Er Bikwara Nem Sr: 


Cylindrical stems, from one to two centimeters in thickness, grow- 
ing in horizontally spreading, reticulated ramifications, which are at- 
tached by a massive basal expansion. The tubes composing the 
basal part are prostrate, diverging toward the circumference of the 
disk ; the orifices are compressed, fissure-like, covered by a scaly, flat 
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lip, while the inner part of the walls forms an undefined, common 
interstitial surface. The orifices of the stems are of quite different 
shape; their tubes diverge from an imaginary axal line in an 
ascending curve toward the periphery of the stems, opening there 
in various degrees of obliquity, under crested polygonal outlines, 
which inclose shallow conical pits, at the bottom of which the tube 
channels open as narrow, transverse, more or less curved fissures, 
about one millimeter wide in the longer direction, and one quarter 
of a millimeter in the shorter. The body side of these pits is 
formed of spreading walls, which help to form the front part of the 
orifices next above. The outer half of the pits is formed by the 
obliquely truncated ends of the extremely massive tube walls, and 
projects under the form of a clumsy lip, giving the stems a very 
rough appearance. The outer transverse diameter of the orificial 
pits is nearly two millimeters ; the compressed, band-like tube chan- 
nels become circular at ashort distance in from the peripheral ends, 
and are about one third of a millimeter in width. Pore channels 
distant. Diaphragms have not been noticed. 

Plate XXII., Lower tier—Upper third figure from the right 
side represents a silicified fragment of a reticulated expansion, from 
the Falls of the Ohio. 


CEADOROWAg BCP AM Adi AT ING SP: 


Reticulated expansions of cylindrical or compressed palmate 
stems, of a diameter of from one to two centimeters, attached by a 
massive basal expansion. Tubes of the basal part diverging out- 
ward, prostrate, and more compressed than those of the stems, 
with a sharp scaly lip at the outer margin. Tube walls generally 
very stout. Orifices of the stems variable in the same specimens. 
Usually they open with no great obliquity to the surface, and join 
under irregular, polygonal crested outlines inclosing deep conical 
cell pits, narrowing into cylindrical tube channels. The dilated 
_Margins are not converted on the outer side into a lip, but forma 
uniform network, as in a Favosites. Often also, by incrassation of 
the tube walls, the cell pits become partly filled, and shallower in 
the expanded marginal portion, while the crests of their circumfer- 
ence are rounded off. In other specimens the tubes open with great- 
er obliquity to the surface, and do not join with crested margins encir- 
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cling orificial pits, but the body portion of the orificial walls spreads 
into a common interstitial surface, and the front walls project as 
sharp semicircular lips. Transitions from one of the surface characters 
described into the other can be followed out in nearly every larger 
specimen. The end branches generally differ somewhat from the 
older stems, and the orifices of the upper surface of the prostrate 
expansions are not quite alike to those of the under side. The di- 
lated orificial pits are nearly always wider in the transverse direc- 
tion of the stems than in the vertical; their diameter is about one 
and a half millimeter; that of the inner tube channels about one 
third to one half millimeter. Poresdistant. Diaphragms sparingly 
developed. From the former species, this one differs in having 
smaller tubes, and less compressed, nearly circular orificial open- 
ings; but great similarity exists between them, and by reason of 
the great variability in the surface structure of both, it is sometimes 
hard to tell to which class certain specimens belong. 

Plate XXII., Lower tier.—The three left-hand figures are silici- 
fied fragments from the Falls of the Ohio, representing a few of the 
modifications in which the species occurs. 


STRIATOFORA, HAL 


Ramose stems, composed of thick-walled conical tubes, opening 
on the surface with oblique dilated orifices, in all particulars cor- 
responding with the structure of Cladopora, from which they mainly 
differ by a cycle of longitudinal furrows radiating across the ex- 
panded tube margins, a difference which, as previously remarked, is 
not at all peculiar to Striatopora, but belongs to the essential family 
characters of all Favositoids, and happens to be more obviously 
developed in the forms called Striatopora than in the next related 
Cladopora. In addition to the longitudinal furrows, the inter- 
mediate-band-like spaces also sometimes bear rows of spinules ; 
and as another peculiarity in Striatopora, the abundant develop- 
ment of lateral pores may be mentioned. 


STRIAT ORORAGHORONE NSIS, IN. .Sp: 


A single fragment of a stem eight millimeters in diameter is the 
only specimen I have seen ; but as being one of the first representa- 
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tives of the genus, and positively differing from Striatopora flexuosa, 
Hall, found in the same geological horizon, I thought it proper to 
describe even a fragment when well characterized. 

Orifices obliquely funnel-shaped, joining with edged margins. 
The body side of the orificial walls is spreading and forms part of 
the exterior walls of the orifices above; the outer side of the 
oblique orificial funnels is margined by an erect semicircular lip. 
Diameter of orifices in transverse direction two millimeters; in 
longitudinal three millimeters. Twelve deep longitudinal furrows, 
with intermediate obtuse crests, give the cells a star form. The 
tubes are distinctly intersected by diaphragms with marginal de- 
pressions. Pores are somewhat obscured by the rough silicified sur- 
face of the specimen, but are recognizable. Found in the Niagara 
group of Point Detour, Lake Huron. 

Plate XXIV.—Fig. 2, upper fragment, natural size. Strzatopera 
fiexuosa, Hall, has not been observed among the fossils of the Ni- 
agara group in Michigan. 


SE RTAMOPORA WUGOSA, EVA: 
Synon., CYATHOPHORA IOWENSIS, Owen. 


Stems with dichotomous branches, from five to ten millimeters in 
diameter, composed of very thick-walled tubes opening obliquely 
to the surface, with dilated mouths, bounded on the exterior side 
by a prominent semicircular lip. The inner body side of the walls 
of the orifices is flattened,spreading into a common, broad, interstitial 
mass. Diameter of orifices two millimeters ; of interior channels one 
millimeter. Pores large, distant. Diaphragms not observed. The 
radial striz are, in all the numerous specimens which I have exam- 
ined, totally obsolete, for which reason this form would have amore 
appropriate place under the genus Cladopora. 

Occurs frequently in the Hamilton strata of Thunder Bay, and 
is found in the drift. 

Plate XXIV., Fig. 2.—The left-hand figure represents a stem 
from Thunder Bay. 
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SURTALOPORA  CAVYERNOSA;. N: ‘Sp. 


Stunted ramifications of cylindrical or compressed stems, from one 
to two centimeters in diameter. Tubes large, in comparison with 
the size of the stems, and very unequal through the frequent inter- 
calation of young tubes. Orifices oblique to the surface, rounded, or 
of irregular shape, joining with obtusely edged stout walls. They 
form gradually dilating, spacious, deep funnels, which are longitudi- 
nally grooved bya cycle of twelve well-marked striz. A remarkable 
abundance of large irregularly dispersed pores perforates the tube 
walls within the orificial funnels, and even close to their external 
edges. Diaphragms flat, well developed. Diameter of full-grown 
tubes at the orificial ends from two to three millimeters; internal 
tube cavities one millimeter wide. Occurs in the drift of Michigan, 
associated with corniferous limestone fossils, and is found in place 
in the corniferous limestones of Port Colborne, Canada West ; rarely 
also at the Falls of the Ohio. 

On Plate XXIII., Fig. 3, are small silicified fragments found in 
the drift of Ann Arbor. 


STRIATOPORA LINNAZEANA, BILLINGS. 


Dichotomously branching stems, from a few millimeters to one 
centimeter in diameter. Orifices moderately oblique to the -sur- 
face, joining under acute polygonal margins, which inclose funnel- 
shaped orifices, and project on their outer margin as prominent lips. 
Tubes very unequal in size, through the frequent intercalation of 
young tubes. Orificial margins grooved by a cycle of twelve deep 
furrows, and the interstitial, band-like spaces are decorated with 
longitudinal rows of spinules, which in the narrower neck portion 
of the tube channels project as stelliform radii. Pores large and 
very abundant, perforating also the expanded parts of the orificial 
walls. Diaphragms well developed in some of the specimens. 
Diameter of the peripheral tube margins about two millimeters ; 
of interior parts one millimeter or less. 

Occurs in the Hamilton group of Thunder Bay in silicified condi- 
tion, and at Widder, in Canada West, in calcified form. 
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Plate XXIII., Fig. 5.—The three upper specimens were found 
at Thunder Bay, near Alpena; the three lower specimens are 
from Widder, Canada West. Fig. 6 of the same plate represents a 
larger form, found in the corniferous limestone of the Falls of the 
Ohio, which does not seem to differ much from the Hamilton form, 


except by a more robust growth, and by less definitely circumscribed 
orifices. 


DENDROPORA, MICHELIN. 


The corals, one of which is described by Michelin under the 
name of Dendropora, have been placed by Milne-Edwards with the 
sub-order Seriatoporine, through misapprehension of their struc- 
ture, attributing to them a central columella which does not exist. 
Their structure is in all essential points identical with the Favo- 
sitine. Milne-Edwards divides these forms into three genera: 
Dendropora, Rhabdopora, and Trachypora, according to certain 
surface characters which I have not considered important enough 
to justify the separation. ‘In the following pages, therefore, I use 
the name Dendropora for all of them, and give the subjoined defi- 
nition of the term Dendropora: 

Branching and frequently reticulated stems, variable in diame- 
ter from one millimeter to more than one inch. The stems areat- 
tached to other bodies by an incrusting basal expansion; they are 
composed of very thick-walled, intimately united conical tubules, 
diverging from an imaginary axal centre inascending curves. The 
tube channels are laterally connected by pore channels and trans- 
versely septate by diaphragms. The interior tube ends are only 
moderately thick-walled, but in approaching the periphery the walls 
thicken very much by the addition of concentric layers within the 
expanding channels, and constitute by their intimate union a 
broad interstitial surface separating the orifices. In some forms 
this interstitial surface is covered by spinulose ridges and granula- 
tions; in others by flexuose longitudinal ruge, or by a combination 
of both granules and ruge, with intermediate punctiform or short 
fissure-like porosities, which are not cell spaces of an independent 
tissue element, but are merely superficial punctations and engrav- 
ings of the substance of the tube walls. The orifices usually pro- 
ject with their margins above the general surface, but sometimes 
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they appear as impressed pits, or have at least no projecting rim. 
Their form is either circular or elongate elliptical. Sometimes 
they are disposed in regular longitudinal rows on the stems, but 
are also often irregularly dispersed. The obliquity of the tube 
mouths to the surface is variable, and in some species they open 
almost rectangularly to it. Ina part of the species the tube chan- 
nels are longitudinally striate, as in Striatopora, but usually this 
striation is obscure. 


DENDROEROR AL ORIN AAT sNe aor: 


Circular stems, from one to two centimeters in diameter, with 
dichotomous ramification. Orifices circular or oval, rising above 
the surface by a monticulose circumvallation, or nearly even with 
it, of unequal size and irregularly dispersed over the massive inter- 
stitial surface of the stems, which is usually wider than a tube diam- 
eter, with exception of the ends of the stems, where the orifices are 
separated by comparatively narrow intermediate walls. The inter- 
stitial surface is decorated by granules and short ridges disposed in 
loose radial order around the circumference of the orifices. Periph- 
eral diameter of orifices about one and a half millimeter; within 
they gradually contract to a diameter of not more than half a milli- 
meter. The terminal ends of the branches have somewhat larger 
orifices with thinner walls, greater obliquity to the surface, and are 
surrounded by a more or less projecting lip on the exterior side, as in 
the case of specimens of Cladopora or Striatopora, from which these 
parts differ only by the granulated edges of the interstitial walls. 
In polished vertical sections through calcified stems, the tubes are 
found to be decorated with a cycle of longitudinal rows of spinules, 
and the development of distant transverse diaphragms and of large 
connecting pores can likewise be ascertained. Found rarely in the 
Hamilton group of Thunder Bay, but very common in the Hamil- 
ton strata of New York, at Darien, Eighteen-Mile Creek, Seneca 
Lake, etc.; at Widder, in Canada, it also sparingly occurs. 

Plate XXIII.—Fig. 1 represents specimens from Darien, in calci- 
fied condition. 

Plate XXIV., Fig. 2.—Lower figure to the right is a young sili- 
cified branchlet found at Alpena, Mich. It exhibits a scar of at- 
tachment at the lower end. The ends of the branches are formed 
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of thin-walled tubes with nearly contiguous orifices. The granu- 
lose decorations of the interstitial surface are obscure in this spec- 
imen. 


DENDROPORAY NEGEE@GHA, No” Ser. 


(Compare Favosites folymorpha, Billings, Canad. Fourn., 1859, p. 111, Fig. 
12, with exclusion of the other figures.) 


Stems from five millimeters to two centimeters in diameter, with 
irregularly straddling branches. Orifices very unequal, circular or 
oval, narrow, funnel-shaped, oblique, or almost rectangular to the 
surface, surrounded by a prominent rim, or nearly even with the 
interstitial surface, which is quite. spacious and decorated with 
ridges and granulations as in the former species. Many of the 
stems, however, are nearly smooth on the surface, either through 
the wearing off of the decorations or through original want of 
their development. Older stems are sometimes found with nearly 
solid surface, the orifices having become narrowed to minute 
punctiform openings by excessive incrassation of the tube walls. 
The central portions of the stems are always formed by thinner- 
walled tubes or tube ends, with subangular outlines and of regu 
lar Favosites structure, having connecting pores, ‘transverse dia- 
phragms, and being longitudinally striate by faint spinulose ridges. 

Found in the drift of Michigan, associated with other fossils of the 
corniferous limestone formation. It is found in place at Port Col- 
borne, Canada, at Caledonia, N. Y., and at the Falls of the Ohio. 
At the latter place some large stems, over one inch in diameter, are 
found, which are usually much altered by silicification ; but most 
of these specimens have, on small circumscribed spots of the stems; 
the surface characters finely preserved, and. exhibit [longitudinally 
oval, funnel- shaped orifices of equal size, two millimeters in length 
and one and a half in transverse direction. The broad interstitial 
surface is either smooth or decorated. with obtuse papilli. Lateral 
pores and transverse diaphragms distinctly observable. These 
may constitute a different species from the former. 

_ Plate XXIII.—Fig. 4 represents silicified stems of the usual form 

found in the drift in Michigan, and in the corniferous limestone of 

Port Colborne ; the outer stem on the right side is altered by thick- 
19 
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ening of the tube walls, but in other specimens the alteration 
reaches a still higher degree. 


DENDROPORA ELEGANTULA, BILLINGS. 
Synon., TRACHYPORA ELEGANTULA, Billings. 


Small ramified stems, from two to five millimeters in diameter. 
Orifices longitudinally oval, oblique, effuse above, the remainder 
of the circumference being edged by a projecting rim; they are 
arranged in four longitudinal rows on the stems, but often the 
regularity of the rows is disturbed by interposition of single orifices 
in the intervals between. Interstitial spaces broad, decorated 
with flexuose and interlacing rugz, covered by delicate granules, 
and rendered minutely porous by a superficial punctiform and fis- 
sure-like perforation of the wall substance. On the surface the 
walls of the single tubes are quite undefined, while in the centre of 
the stems the walls are much thinner, and are well defined from 
one another, exhibiting lateral connecting pores and transverse 
diaphragms. - The bottom of the conically dilating orifices is gener- 
ally formed of a stout obliquely situated diaphragm. Diameter of 
orifices in transverse direction one millimeter ; in longitudinal one 
and a half millimeter; internal tube cavity much narrower. 

Occurs rarely inthe Hamilton group of Thunder Bay, near 
Broadwell’s mills, where it is associated with several other species 
of Dendropora. The specimens represented on Plate XXIII., Fig. 
2, are from the Hamilton group of Widder, C. W., the locality from 
which Billings described his original specimens. 


DENDROPORA ALTERNANS. 


Stems of about four millimeters in diameter, with remote oval 
orifices in quincuncial position, forming about five loose, alternating, 
longitudinal rows in the circumference of astem. Diameter of orifices 
lengthwise from one and a half to two millimeters, and one milli- 
meter in transverse direction. Margins raised into an obtuse cir- 
cumvallation. Surface minutely punctate by acutely pointed gran- 
ules, but not ornamented with longitudinal ruge. Occurs associated 


PALEONTOLOGY. 65 


with the former species in the Hamilton group of Thunder Bay 
River, near Broadwell’s mills. 

Plate XXIV., Fig. 1—The two larger stems on the upper rock- 
piece are representations of this form in natural size. 3 

In the upper right-hand corner of the same piece a small, flat, basal 
expansion and a stem of another smaller species of Dendropora are 
represented. The tubes of these are arranged in distant, irregularly 
quincuncial order; the interstitial surface exhibits the same orna- 
mentations by ruge as Dendropora elegantula, but the species is, 
on the whole, smaller, and the arrangement of the tubes is different. 

The material at my command is not sufficient to enable me to 
give full characteristics of the latter kind, but I think it is specifi- 
cally a distinct form. 


DENDROPORA PROBOSCIDALIS, N. Sp. 


Small reticulated branchlets, not much over one millimeter in 
diameter. Orifices forming proboscidal, spoon-like projections, 
disposed in five or six longitudinal alternating rows on the circum- 
ference of the stems, or of more irregularly dispersed position. 
Interstitial surface longitudinally rugose, and dotted by punctiform 
and fissure-like porosities. Diameter of orifices about one third of 
a millimeter. Occurs with the former at Broadwell’s mills; rarely 
also at Partridge Point, Thunder Bay, in the highest beds of the 
formation. 

Plate XXIV., Fig. 4.—The lower group of stems gives a mag- 
nified view of the branchlets. Enlargement two diameters. 


DENDROPORA (?) RETICULATA, N. Sp. 


With doubt I arranged, under the genus Dendropora,the coral of 
which a description follows: Reticulated horizontal expansions of 
small cylindrical stems about two millimeters in diameter, composed 
of moderately thick-walled conical tubules, the outlines of which in 
their longitudinal extension can be distinctly seen. Orifices erect, 
circular, with free margins. Stems similar to Aulopora spicata of 
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Goldfuss, in external structure, but more minute, the diameter of 
the tubes being only one third to one half millimeter. Interstitial 
surface smooth, neither rugose nor granulose. Found in the upper 
strata of the Hamilton group at Partridge Point, and in the lower 
beds on Thunder Bay River, at Broadwell’s mills, 

Plate XXIV.,—Fig. 1. The lower piece represents a reticulated 
expansion from Partridge Point, Thunder Bay. On the same plate, 
Fig. 4, the upper row of stems are magnified fragments (two 
diameters) of the same kind, found at Broadwell’s mills, on Thun- 
der Bay River. 


THECIA, MILNE-EDWARDS. 


Massive or rarely dendroid polyparia with the general structure of 
Favosites.. Tube walls very thick, forming, by their junction under 
defined polygonal outlines, solid interstitial spaces as wide or even 
wider than a tube diameter ; sometimes, however, the walls do not 
exceed in thickness those of an ordinary Favosites, and the dilated 
tube margins join with edged polygonal margins. Tubes radiated by 
twelve spinulose, longitudinal crests almost extending to the centre, 
with intermediate, narrow, linear furrows. The internal crests of the 
orifices are sometimes prolongated externally, and extend as low 
radial ruge across the surface of the interstitial spaces from one 
tube into the other; or the interstices, if large, are irregularly granu- 
lose on the surface. Transverse diaphragms well developed, flat or 
convex, projecting within the orifices as a central boss and covered 
with spinules or granules like the other surface of the tube cavity. 
Lateral pores large and abundant. Tubes frequently subject to in- 
crassation at the expense of the lumen of the tube cavities, while 
the pore channels retain their original diameter and become longer, 
The external appearance of such specimens becomes thereby con- 
siderably altered, and in silicified specimens, in which the silex is 
deposited in the peculiar concentric, annular dots so often noticed, 
the structure becomes so much obscured that it would be impos- 
sible to recognize their true nature if it were not that other, better 
preserved specimens, only partially altered in this way, can be 
found amongst them. The genus Protarea of Milne-Edwards, 
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placed by him with the Zoantharia perforata, is intimately related 
to Thecia. It is composed of short conical tubules, communicat- 
ing by lateral pores, radiated by twelve granuloso-spinulose 
crests, and intersected by convex diaphragms of spinulose 
surface. The tubules are incrusting and never attain any great 
length. 


DEE CLA-\WATOR) Nos Set 
(Compare Favosites Forbesii. Roemer, Silur. Fauna of Tennessee.) 


Discoid, lenticular expansions, covered on the lower side by a con- 
centrically wrinkled epitheca, with diverging striz, indicating the 
outlines of procumbent tubes, which bend into an erect position 
before they open on the upper surface of the disks. Diameter of 
tubes two millimeters, joining under well-marked, obtusely crested, 
polygonal margins, which inclose dilated orificial pits. Walls 
stout, but variable in thickness in different portions of the same 
specimens. Twelve radial crests extend half way to the centre; 
their edges are decorated with two rows of granulose spinules. Di- 
aphragms numerous, partially flat, partially convex, forming a mon- 
ticulose projection with spinulose or granulose surface. Pores large 
andabundant. Occursin the Niagara group of Drummond’s Island, 
Point Detour, and in many other localities on the south shore of 
the Upper Peninsula. Found also in abundance at Charleston 
Landing, Indiana; at Louisville, Ky., and in many Niagara out- 
crops of the West. : 

Plate XXV.—Fig. 1. Specimens in calcified condition seen from 
the upper and lower side, both from Charleston Landing, Indiana. 
Fig. 2 represents a silicified specimen found at Point of Barques, on 
Lake Michigan. The upper end of the specimen exhibits well- 
preserved tube orifices with radial crests, convex diaphragms, spinu- 
lose surface decorations, etc.; the lower portion is formed of tube 
casts with flat diaphragms, crenulated at the circumference by the 
indentations made by the radial crests of the walls; the perfect 
correspondence of the structure of Thecia with Favosites is most 
beautifully to be seen in the represented specimen. 
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THECIA MINOR,” No SP. 
‘Vide Roemer, Silur. Fauna of Tennessee, Tb. 2, Fig. 4.) 
THECIA SWINDERIANA. 


General structure perfectly conformable with the former species. 
Discoid expansions covered on the lower side by an epitheca, con- 
centrically wrinkled, and exhibiting the prostrate tube channels 
diverging from the centre. The main difference between the two 
forms lies only in the size of their tubes, which in this latter form is 
only one millimeter instead of two, as in the former. The speci- 
mens vary considerably in their surface characters. Some have 
only moderately stout tube walls, and join with gently dilating 
mouths under edged polygonal margins. With the increase of the 
thickness of the walls the orifices lose their circumscribed form, and 
the thickened walls combine into a common, broad, interstitial sur- 
face impressed with small, circular, radiated cell pits. The radial 
crests often extend across the interstitial spaces from one orifice 
into the other as superficial rugee, mingling with additional irregu- 
lar ruge and granulations by which the interstitial surface is deco-_ 
rated. By a still greater degree of incrassation of the tube walls 
the orifices become almost closed, punctiform, while the lateral pore 
channels remain as large as ever, and prolongate in proportion to 
the thickening of the wall substance. Such specimens appear as 
massive expansions, perforated by horizontal vermicular channels, 
of stelliform arrangement around the narrow, punctiform, central 
tube channels in vertical position, and their identity with the other 
well-formed speciméns would scarcely be supposed, if all possible 
gradations from normally formed ones to the disfigured altered 
specimens were not plentifully found associated with them. Found 
at Point Detour, Drummond’s Island, and in other Niagara out- 
crops, in association with the former species; occurs also in the 
drift of the Lower Peninsula, and in the Niagara group of Indiana 
and Kentucky. 

Plate XXV.—Fig. 3 represents a calcified specimen found at 
Louisville, Ky. ; the Michigan specimens are all silicified, with not 
nearly so well-preserved surface characters. 


PALHZONTOLOGY. ' 69 


Leer RAMOSARN. SP: 


Stout, branching, and sometimes reticulated, anastomosing stems, 
from half an inch to two inches in diameter, composed of thick- 
walled, conico-cylindrical tubes ascending and diverging from a 
central imaginary axis. Orifices unequal, of polygonal form, from 
one to two millimeters wide at the edges of the dilating margins, 
radiated by twelve prominent spinulose crests, extending through 
the whole length of the channels. Transverse diaphragms partly 
simple and complete, partly incomplete, represented by lateral 
squamiform, horizontal leaflets. Pores large and very numerous. 
Older stems are often much altered in appearance by excessive 
thickening of their tube walls, and contraction of the tube channels, 
with obliteration of the radial crests. It is sometimes difficult to 
distinguish them from similarly altered stems of Favosites radici- 
formis, with which they are found associated. Occurs in the upper 
Helderberg strata of Mackinac Island, and is not uncommon in 
drift boulders on the Southern Peninsula of Michigan. It is found 
in great perfection and frequency in the Helderberg limestones of 
the Falls of the Ohio. The silicified specimens represented on 
Plate XXV., Fig. 4, are from the latter mentioned locality. 


WE RITE © RoAS > Ae: 
(Twenty-sixth Annual Report of the State Cabinet.) 


Ramified twigs, composed of contiguous, subparallel cylindrical 
tubules, multiplying by lateral gemmation, slowly diverging in their 
parallel ascending course from a central imaginary axis, and be- 
coming disjunct near their peripheral ends, which project on the 
surface as single proboscidal siphuncules. Tubes intersected by 
remote transverse diaphragms, and connected by lateral pores. 
Vertical radiating crests not observed. 

Mr. Hall places these forms with the Bryozoa, and gives of their 
structure a description different from mine. He has overlooked 
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the principal Favositoid characters of the tubes, daphragms, and 
lateral pores, but I think these organs can be found in his speci- 
mens as well as in those I have under consideration. 


VERMIPORA NIAGARENSIS, N. Sp. 


Short club-shaped branchlets about one centimeter in thickness. 
Tubules half a millimeter wide, slowly diverging from an imagi- 
nary central axis in acurve. The outer free end of the tubes is 
more abruptly bent, and opens rectangularly to the surface of the 
stems. In the interior of the stems the tubes are polygonal by 
mutual pressure ; the free ends are perfectly circular, annulated by 
delicate wrinkles of growth, and in some a faint longitudinal stria- 
tion is observable. Transverse diaphragms flat and distant. Pores 
large, irregularly dispersed. Found in the Niagara group of Point 
Detour, Lake Huron, and in Iowa, near Masonville. 

Plate XXIV., Fig. 3.—Lower figures are specimens from the 
Niagara group of Masonville, lowa, magnified about two diameters. 


VERMIPORASEAS@ICU Te AiWAvg Ne eS: 


Small branching stems, from two to five millimeters in diameter ; 
tubules one half millimeter wide, ascending in almost parallel fasci- 
cles in the stems, until their ends, with an abrupt bend outward, 
become free. Diaphragms, intersecting the tubes and connecting 
pores, are plainly observable, as well as the intercalation of new 
tubes by lateral gemmation. 

Found in the Hamilton group of Thunder Bay, and frequently 
in boulders of the drift, which, according to the rock character and 
associated fossils, belong to the corniferous limestone formation. 

Plate XXIV., Fig. 3—The upper specimens artificially crowded 
together. A part of them represent specimens of the corniferous 
limestone found in the drift ; the outer specimen on the right-hand 
side and the slender central stem are from the Hamilton group of 
Alpena. Magnified two diameters. 
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OUENST EDT LASNGGEN, 


Single cylindrical :tubules, multiplying by lateral gemmation of 
either single tubes, or many at once, surrounding the mother-tube 
in a verticil, and remaining for a while in close contact with it, and 
amongst themselves. After some distance the young tubes bend 
outward with their ends, which separate and become free diverg- 
ing branches, which, in their turn, again become mother-tubes by 
renewed gemmation. The tubes are intersected by remote trans- 
verse diaphragms. In places of contiguity they connect by lateral 
pore channels, and in well-preserved specimens longitudinal rows 
of spinulose crests project from the inner side of the tube walls. 


QUENSTEDTIA WIVES Ie eet. 


Synon., AULOPORA UMBELLIFERA, Billings. 


AULOPORA CORNUTA, Billings. 


Tubules about two millimeters in diameter, delicately annulated 
by wrinkles of growth. At variable intervals, single tubes, or from 
six to twelve in a verticil, sprout from their sides and remain closely 
attached to them and to one another for the length of about five 
millimeters, when they bend outward and separate, radially diverg- 
ing as free branches, which themselves soon throw out new verticils. 
The central tube always grows straight on, at intervals continuing 
togemmate. Loose stems with a verticil of branches at the end have 
remote resemblance to a small Crinoid head onits stem. Within the 
circle of branch tubes the central tube is generally dilated by a bulbi- 
form inflation. The basal apices of the young tubes do not communi- 
cate with the older tube by simply opening into it, but by a narrow 
circular pore, narrower than the entire width of the channels. Besides 
these connections with the basis, the young tubes connect by lateral 
pore channels with the old tube, and laterally also among them- 
selves. Diaphragms are quite distant, and not always observable; the 
longitudinal rows of spinules also are only noticed in very favorably 
preserved specimens, but are sometimes very well developed. By 
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examination of larger clusters it can be ascertained that the same 
stems which usually send forth verticillate branches often also give 
off single or only two or three branches. Mr. Billings considers 
these as a different species,and names them Aulopora cornuta, but 
frequently both forms are often seen as parts of one and the same 
colony of stems. 

Found in the drift of Michigan, associated with fossils of the 
corniferous limestone. It is common in the corniferous limestone 
of Port Colborne, C.W. Talso discovered several specimens fully 
identical with the form of the corniferous limestone, in the Hamil- 
ton group of Thunder Bay. 

Plate XXXIII., Fig. 3—The upper figures grouped together are 
specimens from the drift, natural size. 


QUENSTEDTIA NIAGARENSIS. 


Tubes fully two millimeters in diameter, branching from a mother- 
tube in irregular clusters, and diverging after a short space of con 
tiguity with production of new lateraltubes. Lateral poresare large 
and surrounded by a projecting rim. Longitudinal crests, or rather 
rows of spinules, distinctly seen. Diaphragms are not preserved in 
the specimens from Michigan ; others found in lowa exhibit them. 
Found in the Niagara group of Point Detour, Lake Huron, and at 
Masonville, Iowa. 

Plate XXXIII., Fig. 3_Lower solitary specimen, found at Point 
Detour. 


MICHELINIA, DE KONINCK. 
Including CHONOSTEGITES, Milne-Edwards. 


Compound polyparia formed of elongate, conical tubes, intimate- 
ly connected in their whole length, or in rare instances with the con- 
tiguity interrupted at intervals by constrictions. The tube channels 
are in places of contiguity connected by lateral pores ; their cavity is 
intersected bya succession of diaphragms of compound, irregularly 
vesiculose structure, and the sides of the tubes are longitudinally 
striate by numerous linear furrows, with intermediate rows of spinu- 
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lose prominences. This structure is in general conformity with the 
structure of Favosites, from which it differs in the vesiculose nature 
of the diaphragms, and in having a much greater number of longi- 
tudinal furrows. In Favosites these never exceed the number 12, but 
in Michelinia they are more than double that number. The tubes 
of Michelinia are usually also of much larger size thanin Favosites. 
The genus Michelinia appears nearly contemporaneous with Favo- 
sites in the upper Silurian strata. A small nummiform species, 
which to my knowledge has not yet been described, occurs in the 
Niagara group of Tennessee. Another somewhat larger but very 
similar form is found in the lower Helderberg strata of Schoharie 
County, N. Y., which is described by Mr. Hall under the name of 
Michelinia lenticularis. None of these have been found in Michi- 
gan. The Devonian formation contains a variety of forms, nearly 
all of which are represented in Michigan. Formerly the casts of 
small specimens of Michelinia were through misapprehension classed 
under the name of Pleurodictyum problematicum, as being a fossil 
of peculiar organization. I have exposed this error in an article 
published in 1862 in Sz//iman’s Fournal. 


MICHELINIA CONVEXA, D’OrRsIGNY:.! 


Hemispherical masses, with a depressed, turbinate, discoid under 
side, covered by a concentrically wrinkled epitheca, formed of di- 
verging, large, conical tubes of unequal size and of rounded-poly- 
gonal outlines, the larger ones attaining a diameter of one centi- 
meter; walls stout. Transverse diaphragms globoso-convex, com- 
posed of larger and smaller irregularly interlacing vesiculose plates. 
Vertical furrows in the circumference of a tube about forty, with 
intermediate rows of short, spinulose projections. The surface of 
the diaphragms is generally smooth; in rare instances they are cov- 
ered with granular prominences. Pore openings small, surrounded 
by a projecting rim, irregularly dispersed, and in some parts much 
more crowded than in others. Found in the drift, associated with 
corniferous limestone fossils in silicified condition. Very common 
in the corniferous limestone of Port Colborne, C. W. 

Plate XX VI.—Fig. 1, view from above; Fig. 2, view of the lower 
side of silicified specimens from Port Colborne. 
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MICHELINIA CYLINDRICA, MILNE-EDWARDs. 


Synon., EMMONSIA CYLINDRICA, Milne-Edwards. 
MICHELINIA INTERMITTENS, Billings in parte. 


Synon., FAvosiITes Maximus, Troost. 


Large, convex masses, formed of slowly diverging, subparallel, 
obtusely polygonal, sometimes circular tubes of unequal size, from 
five to seven millimeters in diameter. The tubes have either 
straight walls, or are at regular, short intervals constricted by ring- 
like carinzee projecting into the tube cavity. The carinz, caused 
by constriction of the walls, correspond with each other in the adja- 
cent tubes, but the contiguity of the tubes is usually not inter- 
rupted by them. The tubes with straight walls are polygonal in 
outline; those with constrictions are circular; transitions from one 
form into the other are noticeable, sometimes in the same speci- 
mens. Inner surface of tubes longitudinally striate and densely 
covered with irregularly dispersed, spinulose projections, which also 
spread over the surface of the diaphragms. Diaphragms com- 
pound, of interlaced, vesiculose plates, not near so convex as in the 
former species, and in close approximation. Lateral pores very 
irregular, and of different sizes; in the specimens with constricted 
tubes they are confined to the dilated parts, interstitial between 
the annular, projecting carinz. Occurs with the other species in 
the drift deposits of Michigan; it is the most common species of 
the genus at the Falls of the Ohio, and is found in many localities 
of Ohio and Indiana. 

Plate XX VI.—Fig. 3 gives a side view of a silicified specimen 
from the Falls of the Ohio. Fig. 4 is a surface view of a large, con- 
vex mass from the same locality. 


MICHELINIA FAVOSITOIDEA, BILLINGS. 


Convex masses of diverging, intimately united, polygonal tubes, of 
unequal size, from three to five millimetersin diameter. Basal part 
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broadly attached with the centre ; marginal parts free and covered by 
an epitheca. Diaphragms nearly flat, often simple, and scarcely 
vesiculose, closely approximated ; other times the vesiculose char- 
acter is more pronounced. Pores small, irregularly distributed. 
Longitudinal strize and spinulose rows much more delicate and 
minute than in the other species. 

Found in the drift of Michigan, and in the corniferous lime- 
stone of Canada and New York. 


Plate XX VII.—Fig. 4 represents a silicified specimen found in 
the drift of Ann Arbor. 


MICHELINIA INSIGNIS, N. Sp. 


Lenticular convex disks of large size, formed of diverging tubes, 
prostrate on the lower side, and composing by their united walls an 
epithecal crust with diverging, radial ruge, and with annular, con- 
centric wrinkles of growth. Diameter of tubes from’ two to three 
millimeters. Tubes sometimes moderately stout-walled and join- 
ing with acute margins of polygonal outlines; at other times the 
walls are thickened, somewhat dilated at the orifices, with obtuse 
rounded interstitial margins. In the same specimens elsewhere, 
_the orifices of the tubes may be projecting, with raised circular mar- 
gins, and the sides of the tubes may be found only in loose lateral 
contiguity with teretiform walls,and annulated by fine wrinkles of 
growth, with faintly indicated longitudinal striation. The tube 
cavity is lined by from thirty to forty longitudinal rows of spinules 
or spinulose ridges, which project nearly to the centre of the tubes 
as radiations. Diaphragms closely set, concave, simple or com- 
pound, of vesiculose plates. Pores numerous, small, irregularly 
dispersed. Found silicified in the Hamilton group near Alpena, 
also inthe Hamilton group of Darien, N.Y.,in calcified condition ; 
likewise in the Helderberg group of the Falls of the Ohio, and in 
several other localities of Kentucky, Crab Orchard, felon 

Plate XXVII.—Fig. 1 isa fragment of a large mass in calcified 
condition, found at the Falls of the Ohio, presenting a vertical sec- 
tion. Fig. 2 isa silicified specimen from Alpena, Thunder Bay, seen 
from the under side. Fig. 3 is the same, seen from above. 
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MICHELINIA CROCHISCUS. NN. Sp. 
Synon., ASTRAA STYLOPHORA, Eaton. 


Small hemispherical masses, not often exceeding the diameter of 
two inches, usually smaller. The depressed conical or flat basal side 
is covered bya concentrically wrinkled epitheca, and is attached by 
a broad central scar to other marine bodies, to Gasteropod shells, 
Crinoid stems, and very frequently to the surface of Fistulipora. 
(See Worth. Geol. of Wlin. Vol. TIl., Plo, Big. 14.), Tubes veryamme 
equal, rounded-polygonal, from four to seven millimeters wide. 
Cavity longitudinally striate by numerous spinulose crests. Dia- 
phragms irregular and not much crowded. Pores dispersed without 
order. 

Occurs in the Hamilton group of Thunder Bay, and is very 
common in the Hamilton group of New York. The small specimens 
found in the upper Helderberg limestones of Michigan, Ohio, and 
Indiana, which are the forms to which Pleurodittyum problema- 
ticum has principally to be referred, are almost the same, if not an 
identical form with Michelinia trochiscus. I have not figured this 


species. 
MICHELINIA-CLAPPIER 


Synon., CHONOSTEGITES CLAPPII, Milne-Edwards. 


HAIMEOPHYLLUM ORDINATUM, Billings. 


MICHELINIA INTERMITTENS, PARS, Billings. 


Convex or discoid masses, formed of tubular, closely aggregated, 
subparallel or diverging polyp stems, from five to eight millimeters 
diameter, multiplying by marginal buds. Tubes annulated by 
alternate constrictions and dilatations into an urn shape of the in- 
termediate segments, having horizontally spreading margins, which 
unite with those of the adjoining tubes, forming continuous laminar 
floors, whereby the otherwise free tubes are held together and com- 
municate with each other by transverse channels crossing the lamine. 
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In some specimens the constrictions are not so deep as in others, and 
the tubes then come in more intimate contact with their sides, which 
in such case communicate by lateral pores, and fully resemble the 
tubes of an ordinary form of Michelinia. The tubes are transversely 
intersected by interlacing vesiculose diaphragms of compound 
structure ; the channel walls longitudinally striate by furrows and 
rows of spinules, conformable with the structure of Michelinia. 

Occurs frequently in the drift of Michigan, and is common in the 
corniferous limestone of Canada and New York; it is rarely seen at 
the Falls of the Ohio, where Michelinia cylindrica, a closely related 
form, is abundant. 

Plate XXVIII. Figs. 3 and 4 represent a side view and a surface 
view of silicified specimens. 


“ 


lauadE SIM UN ve) 


Colonies of tubular polyp cells, multiplying by lateral gemmation, 
radiated by a cycle of twelve longitudinal crests or rows of spinules, 
and transversely septate by diaphragms of variable form, straight 
or funnel-shaped. The tubes are either free, loosely attached to 
each other, or laterally connected into laminar rows, or again dis- 
tant and connected by short transverse branches, sometimes in- 
discriminately anchylosed into irregular conglomerated masses. 
The subordinate genera are Halysites, Syringopora, Cannapora, and 
Aulopora. 


PUA VSL Ss iS@ Eke R. 
CATENIPORA, Lamark. 


Elliptical tubes, intimately connected at their lateral edges into 
chain-like single rows, which form erect laminar expansions, bent 
into tortuous curves, and composing, by the mutual junction and 
intersection of the laminz, a network of irregular loops. Tubes 
radiated by twelve longitudinal crests, and transversely septate by 
closely set flat diaphragms. No lateral connection between the 
tubes by pores. 
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HALYSITES CATENULATA,. Linn, 


Synon., HALYSITES ESHAROIDES. 


CATENIPORA LABYRINTHICA, Goldfuss, etc. 


A great variety of forms of the chain coral are found which in gen- 
eral structure are perfectly alike, but differ widely in the size of the 
tubes, in the shape of the orifices, and in the mode of reticulated 
connection between the catenate lamin. Some specimens have 
elongate, lanceolate orifices, in others the form is oval, and in 
others still nearly circular. In those with large elliptical orifices 
the longer diameter is often five millimeters, and the shorter in the 
transverse direction three millimeters; in others the proportions 
of the diameters of the orifices are two anda half millimeters by 
two millimeters. In the smallest built specimens they measure one 
millimeter only in the long direction, and one half in the shorter. 
The loops of the laminz are in some forms narrow, in one direction 
nearly as wide as in the other; in other specimens the loops are 
large, or the flexuose laminz may for long distances run in close 
proximity, parallel with each other, before they make occasional 
connection by short transverse branches. The contrast between 
these various forms is very great, and it is evident that various 
specific forms exist ; but while attempting to define them, I found 
so endless a series of transitory connecting forms that I desist from 
making a distinction, and use here the collective name of H. cate- 
nulata for all. Found in the Niagara group of Michigan, as one of 
the most widely distributed characteristic fossils ; likewise common 
in the Niagara group of other States east and west. The first speci- 
mens of the chain coral are found in the upper beds of the Hudson 
River group, in the west portion of the Upper Peninsula of Michi- 
gan, but their preservation is so imperfect that it is impossible to 
determine whether these oldest specimens represent another species 
Os, NOtaaE ‘ cit) 

Plate XXIX.—Figs. 1, 2 and 4 represent three of the many varie- 
ties in which the coral is found associated ‘in the strata of Drum- 
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mond’s Island and of Point Detour, all in silicified condition. 
Fig. 3 of the same plate I considered sufficiently characteristic to 
be described as a distinct species. 


PAY SIE Ss COME ACT WS Na Sp: 


Tubes oval, in chain-like, lateral conjunction ; but these laminz are 
so closely approximated, that no retiform loops are formed by them. 
They come in contiguity with each other from all sides, and leave 
only small, angular, lacunose interstices in the corners of their inter- 
section, which are not larger than the tube orifices themselves. By 
this close approximation of the tubes on all sides many of them 
become pressed into a polygonal form and resemble a Favosites,. 
from which they differ, however, in the absence of lateral pores. 
The diaphragms of the tubes are closely approximated, flat, con- 
cave or convex in the same specimens. Their diameter is about 
one and a half millimeter. Found in the Niagara group along the 
outcrops of the Upper Peninsula, at the shore of Lake Michigan. 

Plate XXIX.—Fig. 3 represents a lateral section and a surface 
view of a specimen found at Epoufette Point. Ina stratum of an 
outcrop at the mouth of Manistique River this species is quite 
common. 


SYRINGOPORA, GOLDFUSS. 


Synon., THECOSTEGITES, Milne-Edwards. 


Aggregated, sub-parallel, tubular polyp stems, multiplying by lat- 
eral budding, and at irregular intervals connected with each other 
by short, transverse, tubular branchlets. The tubes are intersected 
by numerous irregularly funnel-shaped diaphragms, and radiated by 
twelve longitudinal rows of spinules, which are sometimes obsolete. 
The colonies of erect stems are at the base formed of horizontally 
prostrate and attached ends, very much resembling the creeping 
expansions of Aulopora, from which the young colonies are often. 
hard to be distinguished. — 


20 
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SY RINGOPORA VERTICILLATA, GOLDFUSS. 


Large aggregations of parallel or diverging tubular stems, from 
two to three millimeters in diameter, keeping a distance of from two 
to five millimeters apart, across which they connect at various not 
very close intervals by narrow, transverse, branch tubules, of which 
two or three are always sent off at nearly the same height, but 
not in true verticillate position. The tubesare filled by invaginated, 
irregularly funnel-shaped diaphragms, attenuated at the lower ends 
into long siphons. The longitudinal rows of spinules are rarely 
well preserved in the tubes of the specimens which are all found in 
silicified condition. The colonies of stems are often large, several 
feetin diameter ; their basa] portions, composed of prostrate, irregu- 
larly reticulated expansions of stems, differ considerably from the 
erect parts, and among the specimens of colonies a great many 
variations occur as regards the size of the tubes or their mode of 
growth. In some the stems are distant, in others near; in some 
perfectly straight, in others flexuose or geniculated, with regular, 
verticillate side connections, or with dispersed side arms branching 
off at remote intervals or in closer proximity. These associated 
forms, sufficiently contrasting in the extreme, I have not attempted 
to divide into several species, but consider as variations of Syringo- 
pora verticillata, whose enumerated specific characters can not of 
course retain the limited form, applying only to a single variety 
which accidentally fell into the hands of Goldfuss, the first de- 
scriber of this species. Found abundantly in the Niagara limestone 
of Drummond’s Island, Point Detour, and in nearly all other fossil- 
iferous outcrops of the formation in the western part of the Upper 
Peninsula. 

Plate XXX. 
mond’s Island, closely similar to the specimen figured by Goldfuss. 


Fig. I represents a silicified specimen from Drum- 


Fig. 2 has somewhat smaller tubes, with less regularly disposed, 
transverse branch channels and more flexuose stems than the other. 
With the above-described specimens others are found, which seem 
to agree with Syringopora cancellata of Milne-Edwards. They are 
composed of flexuose tubes about one and a half millimeter wide, 
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in loose, irregularly reticulated colonies, with the curved stems alter- 
nately contiguous and diverging. Transverse connecting channels 
remote, short, and clumsy. Longitudinal rows of spinules and fun- 
nel-shaped diaphragms, quite plainly exhibited in some of the 
specimens. I have not figured this form for want of space. 


SYRINGOPORA ANNULATA, N. Sp. 


Small colonies of closely approximated, tubular stems of jointed 
aspect, with sharply projecting rings of growth, and with numerous 
verticillate, transverse tubules connecting the stems at short in'ter- 
vals. Diameter of tubes about one anda half millimeter. © Dia- 
phragms of the elongated, funnel-shaped form peculiar to the genus. 
Found at Point Detour in the Niagara limestone, and in the drift 
deposits of the Lower Peninsu a. 

Plate XX XII., Lower tier.—The two left figures represent silici- 
fied specimens found in the drift of Ann Arbor. 


SVRINGOROKA PENETIZAy NG SP 


Irregularly reticulated colonies of tubules, one millimeter in width, 
or less. The tub_les branch in the same manner as Aulopora, and 
directly connect with each other by approximation, without the in- 
tervention of narrower, transverse channels, as in other species of 
Syringopora. The tubules exhibit a faint longitudinal striation on 
the outside wall, and the cavity is lined by a cycle of twelve spinu- 
lose crests. Diaphragms funnel-shaped, but not always developed ; 
the channels are often found open throughout. 

Found in the Niagara group of Point Detour, Drummond’s Island, 
and in the drift. Occurs also in Indiana and Kentucky. 

Plate XXX.—Fig. 4 represents a small specimen found in the 
drift, seen from the basal side, with creeping, prostrate tubules. 
On the upper side of the specimen the tubules are bent into an 
erect position. 
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SY RINGOPORA FIBRATA, ON. Sp. 


Large convex colonies, with closely approximated subparallel 
or diverging tubules half a millimeter in diameter, laterally con- 
nected by numerous short transverse channels, branching off at 
close intervals from the circumference of the thread-like stems. 
The distance separating the stems is variable—sometimes less, some- 
times more than one tube diameter. Radial crests long, very distinct, 
twelve innumber. Diaphragms direct transverse, not funnel-shaped. 
This species very frequently grows up in intimate connection with. 
expansions of Stromatopora. The tissue of the Stromatopora fills 
out all the interstices left between the tubules, which in such speci- 
mens are usually further apart than in those growing solitary. Both 
hold in their growth an equal passus, and the addition of new 
layers to the Stromatopora coincides with the growth of the 
tubules. It resembles Syringopora compacta, Billings, found in. 
the strata of Anticosti; but in that species the tubules are in almost 
perfect contiguity, and their diaphragms are distinctly funnel- 
shaped. 

Common in the Niagara group of Point Detour, Drummond’s 
Island, and frequently found in the drift. It occurs also in the 
Niagara group of Indiana, Kentucky, and Iowa. 

Plate XXX.—Fig. 3 gives a surface view of a silicified specimen. 
from Drummond’s Island. 


SYRINGOPORA, PERELEGANS, BILEINes. 


Colonies of tubular stems, from one and a half to two millimeters 
in diameter, formed at the base of prostrate tubes, multiplying by 
bi- or tri-partite ramification, in the same manner as Aulopora, by 
production of one or two young tubes sprouting from the basal por- 
tion of their flanks, which creep on for some distance, while the 
mother-tube bends its orifice into an erect position, after having 
given off the branches. The spreading, prostrate, basal tubes, flat- 
tened on the lower side, come in multiple contact with their sides 
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and grow together into an open, reticulated expansion, or are so 
densely crowded as to form an uninterrupted basal leaf, from 
which the tubes singly ascend into a vertical, subparallel position, 
and then grow up with remarkably straight stems, if not disturbed 
by accidental impediments. 
The stems in the erect growing parts of the colonies are remote 
from each other about the width of a tube diameter, or more, and 
are connected by slender, transverse tubules at intervals of from one 
half to one centimeter. The tubes are annulated by delicate 
wrinkles of growth, with periodical, sharper offsets, causing an ar- 
ticulated appearance. Internal structure longitudinally striate by 
spinulose crests, and intersected by funnel-shaped, irregular dia- 
phragms prolongated with the lower apex into long siphons. : 
Occurs in the upper Helderberg limestones of Mackinac ; fre- 
-quently also in the drift, associated with corniferous limestone fossils, 
and in the corniferous limestones of Canada, New York, and of 
the Falls of the Ohio. 
Plate XX XI.—Fig. 2. The small specimen attached to the lower 
left-hand corner of the other specimen represents a fragment ofa 
laminar, basal expansion with erect, circular orifices, found in the 
drift. Figs. 3 and 4 are silicified specimens from the Falls of the 
- Ohio—the one with larger sub-flexuose tubes, the other with more 
slender and straighter tubes. 


SYRINGOPORA MACLUREI, BILLINGs. 


Tubes about three millimeters wide, flexuose, occasionally touch- 
ing each other, and then diverging again, or at other times of more 
regular, subparallel growth, with interstitial intervals usually larger 
than a tube diameter, and with remote, slender, transverse tubules of 
connection. This coral resembles the former species, differing from 
it only in having a larger tube size, and a more irregular mode of 
growth, but in many instances it becomes difficult to decide 
whether a specimen belongs to one or the other form. 

Plate XXXI.—Fig. I represents a fragment found in the drift of 
Ann Arbor, exhibiting the terminal portion of a colony. In Fig. 
2 the large specimen, also, from the drift, is seen from the basal 
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side, with the prostrate, creeping, reticulated tube portions. The 
basal expansions of the former species, represented in the same 
figure, do not always grow in uninterrupted leaves, as in the frag- 
ment represented, but often in an open network like that in the 
larger figure. In some specimens the tubules are more nearly ap- 
proximated than they are seen to be in Fig. 1. 


SYRINGOPORA TABULATA, MILNE-EDWARDs. 
Synon., THECOSTEGITES BOUCHARDI, Milne-Edwards. 


Large, convex colonies of diverging, subparallel, straight tubules, 
forming incrustations of other marine bodies with their creeping, 
Aulopora-like, basal ends, which subsequently continue to grow 
in an erect position. Tubules about one millimeter wide, closely 
approximated, with intervals narrower than a tube diameter; the 
transverse connecting tubules branch off in subregular, verticillate 
position, and correspond in all tubes in certain levels, by the 
lateral anchylosis of which almost uninterrupted laminar floors 
are formed; this is, however, not an invariable structure. The 
same specimens often exhibit portions in which the trans- 
verse branchlets are not verticillate, but in irregularly dispersed 
position, and in which no laminar floors intersecting the colonies 
are perceptible. The tubules are distinctly radiated by twelve 
spinulose crests, and on the surface of the tubules a dull, longitu- 
dinal striation is usually noticed. Diaphragms funnel-shaped, with 
tubular invaginated ends. The floors of connecting processes are 
in some specimens moderately distant, as in that represented 
on Plate XXXII., upper specimen to the right. These are the 
typical form of Milne-Edwards’ Syr. tabulata. In other specimens, 
particularly those of smaller size, forming incrustations of shells, 
etc., these floors are in close approximation, and form a series of 
superimposed laminz, separated by small vesiculose interstices. 
Milne-Edwards, misapprehending their structure, described them as 
the type form of a new genus, Thecostegites; but a little more 
careful examination would necessarily have shown him the specific 
identity of his Syringopora tabulata with his Thecostegites Bou- 
chardi, both described as occurring at the Falls of the Ohio, from 
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which locality the specimens represented on Plate XXXII. come. 
The upper convex specimen on the left side of the plate is the 
form corresponding with Milne-Edwards’ Thecostegites. He has 
described similar other forms under the names of Syrzngopora 
Verneuullt, Syr. Cleviana, and Mr. Billings describes a form under 
the name of Syrzngopora Hsingert, all of which are distinguished 
from one another by trifling modifications in their manner of 
growth. I consider them as mere varieties of one and the same 
species for which I retain Billings’ name. 


SYRINGOPORA HISINGERI. 


It differs from Syringopora tabulata by its more distant, some- 
what flexuose tubules, with side connections in dispersed position, 
and not in verticils. The tubules vary in size from half a milli- 
meter to one millimeter. The three lower specimens in the upper 
tier of Plate XXXII. represent various fragments of this form, 
found in the drift.. Other specimens are found in which the tubules 
are still further apart. The last-mentioned forms are all found asso- 
ciated in the corniferous limestone of Michigan, Canada, Ohio, New 
York, Indiana, Kentucky, etc. 


SYRINGOPORA NOBILIS, BILLINGs. 


Colonies of large tubes, from five to eight millimeters in diameter. 
In some the tubes are quite remote from each other, and connected 
by distant, transverse branch channels; others have the tubes 
more closely clustered and of smaller size. I am not positive of the 
specific identity of these forms, but provisionally arranged them 
under Billings’ name, intended for the form with large, remote stems. 
Found in the corniferous limestone, and inthe Hamilton group of 
Michigan and Canada; similar forms occur in the Hamilton group 
of Iowa. 

On Plate XXXII., lower tier, right-side figure, is represented a 
specimen found in the drift of Ann Arbor, associated with cornifer- 
ous limestone fossils ; the adjoining central specimen is a young 
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specimen with closely clustered tubes, found in the Hamilton group 
of Alpena. 


CANNAPORA, HALL. 
(Compare FLETCHERIA, MWilne-Edwards.) 


Colonies of closely approximated, erect tubules with stout walls, 
sprouting from an incrusting basal expansion formed of prostrate 
tubules growing and multiplying in the same manner as an Au- 
lopora. The erect ends of the tubules are annulated by wrinkles 
of growth and by sharp-edged, periodical offsets marking an inter- 
ruption and renewed growth from the inner circumference of the 
old orifices. The sides of the tubes are partly connected by hori- 
zontal expansions of the walls, partly in direct contiguity, in which 
latter case the otherwise circular tubes are pressed intoa polygonal 
shape, and connect in the contiguous parts by lateral pores. The 
orifices are slightly dilated at the margins, radiated by twelve 
spinulose projections, rows of which extend through the whole 
length of the tubes. Diaphragms are not often developed, direct 
transverse, and not funnel-shaped as in Syringopora. Consider- 
able affinity exists between Cannapora and Aulopora. 


CANNAPORA JUNCIFORMIS, HALL. 


Tubules from one to one and a half millimeter in diameter, 
forming large colonies of convex growth, with regular, subparallel 
stems in the larger masses; but in smaller specimens, representing 
incrusting basal portions, the tubes are sometimes agglomerated in 
irregular manner. Structure in conformity with the above given 
general generic description. Found in the Niagara group of Drum- 
mond’s Island, and sometimes in the drift. In New York State it 
is found in somewhat lower position in calcareous layers of the 
Clinton group. The tubes of the New York specimens are some- 
- what smaller than those of the specimens from Drummond’s Island. 

Plate XXXIII., Fig. 4—Lower specimen on left-hand side is 
a silicified young colony from Drummond’s Island ; the lower figure 
on the right-hand side is a fragment of a specimen from the Clinton 
group of Brockport, N. Y. 
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AULOPORA, GOLDFUSS. 


- Colonies of prostrate, stout-walled tubes, attached with their 
lower flattened side, multiplying by latero-basal gemmation. One 
or two young tubes sprout from the lateral edges of the base of the 
creeping tubes near the orifices, which then rise from the prostrate 
into an erect position, while the new branches creep on, until they 
again send off branches in the same manner, which latter, by coming 
in contact in their spreading growth, adhere together and form retic- 
ulated loops, or, if closely crowded, continuous laminar expansions. 
Other species grow, by union of their tubes, into compact, thicker 
masses. It is rarely the case that they compose ramified branches. 
The tubes nearly always exhibit a faint, longitudinal striation and 
longitudinal rows of spinules encircling the inner cavity in more or 
less rudimentary development. Remote, isolated diaphragms are 
sometimes observed, but usually the tube cavities are open through- 
out their entire length. Lateral pores connecting the contiguous 
tubes channels do not seem to exist. The orifices project with 
free circular margins ; occasionally, through being closely crowded, 
the orifices of a limited spot may become polygonal from mutual 
_ pressure. Certain minute Bryozoa, in manner of growth resembling 
an Aulopora, have been confounded with this genus; one of them 
is Aulopora arachnoidea, Hall; these have no affinity with Aulo- 
pora, their structure being the same as in the Jurassic and cretaceous 
genera Proboscina, Berenicea, or Stomatopora, whose utriculous 
walls are perforated by numerous microscopical pores, comparable 
to the minute punctations of the shell of a Terebratula. These 
punctations can be distinctly seen in well-preserved specimens of 
Aulopora arachnoidea, collected at Richmond, Indiana. 


AULOPOR A SERRE ENS (¢) Gompriss: 


Prostrate expansions of conical tubules, one sprouting in a linear 
row from the basal part of the orificial end of the other; or at 
times two of them fork off, and meeting others in the course of their 
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growth, unite laterally with them and inclose irregular loops. 
All the tube ends, after the departure of a branch tube, bend into 
an erect position and usually grow no further. The width of the 
tubes of different specimens varies from one to two millimeters. 
The identification of this species with the European form, described 
by Goldfuss, is made with some hesitation, and is intended rather to 
express their great resemblance than a full identity. Found in the 
Hamilton group of Thunder Bay and Little Traverse Bay, incrust- 
ing other corals. 

Plate XX XIII.—Fig. 2 represents a specimen from Little Trav- 
erse Bay incrusting a Stromatopora. 


AULOPORA CONFERTA, WINCHELL. 


Incrusting, reticulated, or continuous laminar expansions formed 
of laterally anchylosed conical tubules, arranged in fan-like, spread- 
ing order by emanation from the prolific gemmation of a single 
mother-tube according to the bilateral, forking mode of growth ex- 
hibited in the generic description. The club-shaped tubules are 
about one millimeter wide across the thickest part; the channels 
of the erect, circular orifices measure about half of a millimeter. 
Found abundantly as incrustation of other corals in the blue fos- 
siliferous shales of Little Traverse Bay. 

Plate XX XIII.—Fig. 1 representsa solid incrustation of the sur- 
face of a Stromatopora by this species of Aulopora. 


MOOI OWE IIE IAG IN 4 WS: 


Massive, incrusting expansions formed of very stout-walled tubes, 
about two or two and a half millimeters in diameter. On the basal 
side of the expansions, broke loose from the incrusted body, the 
prostrate, flattened tubes are noticeable, grown into a dense agglo- 
meration by repeated rapid gemmation. From this basal sheet the 
tubules bend into a vertical position, and continue to grow in this 
direction for some length parallel with each other, and producing 
no more side branches at the rapid rate of the prostrate portions. 


PALEONTOLOGY. 89 


These erect tubes are circular, closely approximated, or sometimes 
in intimate, mutual contiguity, pressing each other into a sub- 
polygonal shape. The orifices exhibit a cycle of longitudinal fur- 
rows and intermediate rows of spinulose projections in rudimentary 
development. Diaphragms are generally not developed. Occurs 
in the Hamilton group at Stony Point, Thunder Bay. 

Plate XX XIII.—Fig. 4, upper specimen. 


COLUMNARI-. 
CONSISTING OF THE SINGLE GENUS COLUMNARIA. 


COLUMNARIA, GOLDFUSS. 


Goldfuss at first included within this genus several corals which 
have a different structure ; he acknowledges, in the appendix to 
his work, however, that the coral called by him Columnaria sulcata 
is only a weathered specimen of Cyathophyllum quadrigeminum. 
Columnaria levis is also, in all probability, generically different from 
his Columnaria alveolaris, which alone is at present considered the 
typical representative of the genus. In Goldfuss’s characteristics is 
expressly stated the absence of transverse diaphragms in the tubes, 
although in his figures the diaphragms of the tubes are so distinctly 
delineated that I can not conceive how they escaped his observa- 
tion. I define the genus as follows: 

Convex colonies of contiguous, polygonal, or rarely of free circu- 
lar tubes, growing from a few attached mother-tubes by rapidly 
multiplying lateral gemmation. Tubes radiated by vertical lamelle 
of alternately larger and smaller size, the larger ones in some 
species reaching to the centre, or not. Number of lamelle from 
twenty to forty. 

Transverse diaphragms simple, flat, moderately close in position. 
Walls not perforated by pores, thin, and inseparably united in the 
forms with polygonal tubes, appearing to be formed of simple lam- 
inz dividing the adjoining cavities, but in favorably preserved speci- 
mens the duplicity of the walls is positively observed. 
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COLUMNARIA ALVEOLATA, GOLDFUSS. 


Convex, large colonies, sometimes attaining a diameter of several 
feet, composed of intimately connected tubes diverging from a 
basal centre.. Lower side covered by a concentrically wrinkled 
epitheca ; central part attached. Tubes quite unequal in the same 
specimens and in different specimens. In some they vary from 
two to five millimeters ; in others, tubes one centimeter in width, and 
smaller ones of only two and three millimeters, are intermingled. 
Radial lamellz from twenty to forty, according to the size of the 
tubes, not reaching to the centre. Transverse diaphragms flat, close- 
ly set, usually smooth in the centre, and only at the outer circumfer- 
ence intersected by the radial crests. It israrely the case that the 
lamella extend as low carinations over the surface of the diaphragms 
to the centre. The figures of Goldfuss exhibit the radii as alter- 
nately reaching the centre; this is, as already stated, very unusual 
with specimens from the Trenton group, while it is rezularly seen 
in the specimens from the Hudson River group and Niagara group. 
MiJne-Edwards considers both forms as one species, but I think 
they differ sufficiently to be set down as two species. To the 
Trenton form Goldfuss’s name, Alveolata, is applied by most of the 
paleontologists ; for the Hudson River group species, Hall’s name, 
Columnaria (Favistella) stellata, is adopted, although it is not per- 
fectly certain whether Goldfuss had not also a Hudson River 
group specimen under consideration. 

The Trenton strata of the Escanaba River and of St. Joseph 
Island, in Lake Huron, contain an abundance of this coral, but the 
specimens are not very well preserved, being transformed into 
dolomite spar, which is a very unfavorable material for the pres- 
ervation of the finer structural details. This cora) is also fre- 
quently found in the Trenton group of Illinois, at Dixon, and in 
the lead-bearing strata of Wisconsin and Iowa, where it is often 
found in silicified condition, and finely preserved. 

Plate XXXIV.—Fig. 1 is the surface view of a specimen from 
the Trenton group of St. Joseph Island. Fig. 2 is a fractured 
surface exhibiting a vertical section of a specimen from Escanaba 
River. Fig. 4 is a specimen with very large and unequal tubes. 
found in the Trenton group, at Dixon, Illinois. 
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COLUMNARIA STELLATA, HALL. 


Synon., FAVISTELLA STELLATA, Hall. 


Convex masses of similar structure with the former species; the 
tubes are somewhat less unequal in the same specimens, varying 
in size between three and six millimeters. Radial lamelle from 
twenty to thirty, alternately larger and smaller, the larger ones 
extending to the centre. Diaphragms flat, closely set, intersected 
by the radial lamella, which only in the peripheral circumference 
form continuous vertical leaves. The crests continued to the centre 
of the diaphragms are merely superficial. Found abundantly on 
the north side of Drummond’s Island, in the shales of the Hudson 
River group. The equivalent exposures in Bay de Noquets, oppo- 
site Escanaba, do not contain any. It is likewise found in the up- 
per part of the Hudson River, or Cincinnati group, near Madison, 
Indiana, and in other localities along the Ohio River. 

During the progress of the survey, I found specimens which I 
consider as identical with this species in the Niagara group of 
Point Detour, in which formation it was not known to occur. 

Plate XX XIV.—Fig. 3 gives a surface view of a specimen from 
Drummond’s Island (Hudson River group). 

Plate XXVIII.—Fig. 1 is a silicified specimen from the Niagara 
group of Point Detour. 


COLUMNARIA HERZERT, N.’ Sp: 


Colonies of tubes, partially in close contiguity, of polygonal form, 
and intimately united with their walls; partially free, circular, 
laterally joining into chain-like rows, not unlike Halysites, or open- 
ing singly on the surface. Diameter of tubes three millimeters. 
Structure otherwise entirely corresponding with the associated 
form, Columnaria stellata. Is described by Nicholson under the 
name Favistella calycina. 

The specimens were found by Rev. H. Herzer, of Louisville, in 
the Cincinnati group of Kentucky. It may only be a modification 
in the growth of the usual form C. stellata. Not figured. The 
specimens are too imperfect for photographic delineation. 
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ZOANTHARIA RUGOSA, MILNE-EDWARDs. 


So called in allusion to the radial ruge or plications of the stony, 
calcareous polyp cells, which are the only parts of these animals that 
have been preserved. The Zoantharia apora of a similar structure 
are distinguished from these bya difference in the arrangement of 
the radial plications. Milne-Edwards assumes four primary plica- 
tions in the cycle of radii in the Zoantharia rugosa, and six primary 
plications in the Zoantharia apora,and deduces therefrom, in an 
elaborate essay, a law of symmetry, according to which the mul- 
tiplication of the radii in the cycles takes place, and by which he 
endeavors to demonstrate that in case a new plication or lamella is 
formed in the interstice between two older plications of a certain 
value in the cyclical order, in all interstices, limited by plications 
of the same value, the intercalation of a new lamella takes place 
simultaneously, and this law he supposed to be governing the 
growth of Zoantharia rugosa, as well as of the Zoantharia apora. 
In the latter order this rule seems to be in force, but it does not 
apply to the growth of the Zoantharia rugosa. 

The radial plications of the Zoantharia rugosa are arranged in 
four primary fascicles, separated from each other by more or less 
conspicuous gaps. These fascicles, apparently segments of a cycle 
of rays, are in-reality bilaterally situated in symmetrical position 
on an axal line, dividing the apparent cycle in two halves. The 
two fascicles on one side are equivalent to those of the opposite 
side, but differ from one another. For better illustration, we may 
compare the circumference of a polyp cell to a horseshoe with nar- 
row, almost closed aperture. Opposite this aperture, in the centre 
of the curve, two fascicles meet with their equivalent sides, leaving 
an obscure, narrow gap between them, the centre of which often 
exhibits a solitary, independent plication. This gap may, in distinc- 
tion from the other gaps, be designated by the name of central gap. 
At the ends of these fascicles, remote from the central gap, and 
directed toward the aperture of the horseshoe, the plications be- 
come gradually shorter, and, seen from the peripheral surface of the 
polyp cells, do not extend to the apex of the conical polyparium, 
but terminate above, nearer the calycinal margins. Another gap 
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separates these shorter plications on each side from the joining 
fascicles of plications, which extend to the ends of the arms of the 
horseshoe. This pair of gaps are the /ateral gaps. The further ends 
of this second pair of fascicles approach each other again, in the 
aperture of the horseshoe, leaving another larger gap between 
themselves than the other fascicles, which may be termed apertural 
gap; its centre is, like the opposite obscure gap, occupied by a 
solitary plication. The plications of this second pair of fascicles 
are longest and extend to the apex of the polyparium on their end 
joining the lateral gaps, and shortest at the apertural gap. This 
is the order in the structure of all the polyp cells of the Zoantharia 
rugosa. If, during the progress of growth, new plications are added 
to the cycle of existing ones, the new ones are only inserted at 
those ends of the four fascicles which are directed toward the 
apertural gap, while the already existing plications are never dis- 
turbed by interposition of new ones, excepting, as indicated at the 
four ends of the fascicles, directed to the apertural gap; further- 
more, the addition of new plications at the four ends of the fascicles 
is not always contemporaneous in all, or in the opposite correspond- 
ing ones, for otherwise the lamellz in each equivalent bundle should 
be equal in number, which is not always the case. This bilateral 
structure of the polyp cells of the Zoantharia rugosa has been 
observed by several palzontologists, and been mentioned by them 
as a peculiarity of certain species; but the late Dr. Kunth, of Berlin, 
was the first to demonstrate this bilaterality to be an essential char- 
acter of all the Zoantharia rugosa, and to exhibit with clearness the 
peculiar mode of multiplication of the lamelle in this order. If we 
examine a Streptelasma or a Zaphrentis, we find the outer surface 
of the polyp cells longitudinally striate, by broad, convex bands or 
ribs, and by intermediate, narrow, linear furrows. The furrows cor- 
respond to the crest-like plications on the inside of the calyces, the 
ribs to the interstitial spaces between them. Three of such longi- 
tudinal furrows are, on each of the polyp cells, more conspicuous 
than the others; they correspond to the gaps between the bundles 
of lamellae. In the furrow corresponding to the apertural gap, the 
other furrows from both sides converge at acute angles, like the 
barbs of a plume, to its keel, gradually becoming shorter as they 
approach the margins of the calyx. The two other obvious fux 
rows, corresponding with the lateral gaps, are, on the side nearest 
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to the apertural gap, joined by similar parallel furrows extending 
into the apex; on the other side the furrows abut against it at an 
acute angle, and decrease in length as they ascend. ‘The central 
gap is not indicated on the outside, because the furrows on both 
its sides are parallel with it, as new plications are never intercalated 
in this place. 

The annexed sketches will cause the descriptions to be under- 
stood at a glance. We perceive, by looking at the figures, that 


APERTURAL GAP. CENTRAL GAP. LATERAL GAP. 


in the apertural gap the striae must have a pinnate position, 
because on both of its sides new plications are constantly added 
to the ends of the fascicles; for the same reason we see them on 
the lateral gap on one side pinnate and on the other parallel, 
because no new plications are ever inserted there, and in the cen- 
tral they are all parallel because no implantation occurs on any of 
its sides. 

All Zoantharia rugosa have this structure, but the four principal 
septal divisions donot present themselves in all with equal con- 
spicuousness. In some the cycle of plications in the calyces is 
almost uninterrupted, and they appear as if of truly radial structure ; 
in others the division lines between the fascicles are well marked 
by gaps, which on the bottom of the end-cells dilate into depres- 
sions called septal fovee. Theapertural fovea is always the largest, 
and an indication of it is noticeable in all forms of this order, while 
the two lateral gaps rarely become so distinct as to dilate into 
septal fovez. The central’gap is almost in every instance obscure, 
scarcely noticeable. Mr. Kunth, in speaking of the position and the 
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development of these fovez, justly remarks that if only one of the 
four foveze is well developed, it is always the apertural fovea which 
he calls prznczpal fovea , but he is in error when he adds, “only in rare 
instances the opposite fovea is best developed.” This case never 
happens ; in symmetrically curved, horn-shaped polyp cells the aper- 
tural fovea is either in the median line of the convexity of the 
curve or on the concave side. Not unfrequently the largest fovea 
is found ina lateral position with respect to the curvature of the 
polyp cells. But even if we find the largest fovea in such lateral 
position, it does not follow that one of the lateral fovez has been 
developed in preference to the others; on close examination, it 
will always be found that the septal striz on the surface converge 
from both sides toward the median line of that fovea, which un- 
mistakably proves it to be the apertural fovea; if it were the late- 
ral fovea the striz would converge toward it only from one side, 
or if the central, they would be all parallel, which is never observed. 

Milne-Edwards divides the Zoantharia rugosa into four families: 
the Stauride, Cyathaxonide, Cyathophyllide, and Cystiphyllide. 
These sub-divisions, however, are artificial, not being based on © 
important differences in the plan of structure. 

Staurid@ are described as polyp cells with well-developed, radial 
lamellae, which intersect the whole length of the corallum as unin- 
terrupted, vertical leaves, which are at intervals connected by short, 
interstitial, transverse leaflets. The lamelle are grouped in four 
fascicles, which have their limits marked by very obvious septal gaps 
visible within the cells under the form of a four-armed cross. The 
enumerated genera of Stauride are: Stauria, a Silurian coral ; 
Metriophyllum, a Devonian form; Polyceelia, of Permian age. 
No coral which could be identified as belonging to one of these 
genera has been found in Michigan. 

Cyathaxonide are described as single polyp cells, with well-de- 
veloped radial lamella, extending as uninterrupted leaves through 
the whole length of the corallum, and uniting in the centre into a 
cristiform columella. The interstices between the lamellze are 
said to be open throughout without diaphragms or transverse, inter- 
stitial leaflets. This family characteristic is based on imperfect 
observation. The lamelle do not unite in the centre into a cristi- 
form columella, and their interstices are not open all their length, 


but have transverse leaves intersecting them, the conically protrud- 
21 
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ing centres of which leaves, one invaginated into the other, form 
the cristiform columella, and not the united central ends of the 
vertical lamella, which do not perfectly reach the centre under the 
form of uninterrupted vertical leaves; their inner termination is 
only a superficial carination on the conical centres of the dia- 
phragms. This structure does not materially differ from the 
structure of many genera of the Cyathophylloids, particularly of 
some forms of Zaphrentis and Trochophyllum. The latter genus 
may be said to differ from Cyathaxonia only in the inverted direc- 
tion of their invaginated diaphragms. In Trochophyllum the dia- 
phragms form deep, funnel-shaped depressions in the centre of the 
cells, which, in their invaginated condition, likewise compose a solid 
central axis, turned inward instead of projecting. Cyathaxonia 
is not found in the strata of Michigan. The specimens described 
from the upper coal measures as Lophophyllum proliferum, Mc- 
Chesney, is a genuine form of Cyathaxonia, entirely corresponding 
in structure with the forms of Cyathaxonia, described by Milne- 
Edwards, from the sub-carboniferous strata of Kentucky. Palzon- 
tologists examining these well-preserved specimens observed at 
once the existence of transverse leaves across the radiated inter- 
stices of the calyces, and hesitated on that account to identify 
them with Cyathaxonia; had Milne-Edwards examined his type 
specimens somewhat more carefully, he would have noticed in 
them the same transversal leaves. 


COS Vell el ILL IMDS, 


Simple or compound polyparia formed of cell cups margined by 
a cycle of plications of an apparently radial position toward the 
centre of the cells, but actually disposed according to the bilateral 
plan peculiar to the whole order of the Zoantharia rugosa. 

The polyparia are built up by a successive series of such cups, 
one invaginated into the other, with gradually increased size. In 
some forms the cups are clearly defined in their superposition 
by a more or less distinct lamination in the structure of the poly- 
paria; in others the union of the cups is more intimate. The pli- 
cations of the incased cups corresponding, and clasped over one 
-another, grow together and form continuous vertical lamine, while 
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the side walls of the cups unite into a common external wall of 
more massive structure; only the bottoms of the cups escape the 
general agglutination of the parts and remain free laminz separated 
by an interstice from the adjacent cup bottoms. These laminar cup 
bottomsare, in the description of Cyathophylloid corals, considered 
under the name of diaphragms. In a portion of the Cyathophylloid 
family the interstices between the crest-like plications of the end 
cups are free and open; in other generic groups the interstices are 
up to the margins of the calyces traversed and filled with vesic- 
ulose plates, which divide them into small cell spaces. 

The family of Cyathophylloids is represented by numerous 
modifications of its type, which will be specially considered in 
the generic descriptions. Milne-Edwards has adopted thirty-five 
genera of Cyathophylloids, and a large number of additional gen- 
eric names, partly synonymous with the above, are used in the works 
of paleontologists. A careful study of the various forms has con- 
vinced me that a large proportion of the promulgated genera have 
been negligently established upon an examination of insufficient 
material and with incorrect appreciation of structural characters, 
individual peculiarities being often mistaken for important generic 
differences. In passing the genera in review, I will have frequent 
occasion for rectifications and changes in the arrangement, by which 
the number of the genera will be greatly reduced. 

Cystiphylide are pointed out as the fourth family of the Zoan- 
tharia rugosa, composed of the single genus Cystiphyllum. These 
corals differ from the true Cyathophyllum merely in having but a 
rudimentary development of the plications, which never compose 
continuous vertical leaves. The plications of Cystiphyllum are 
low crests much obscured by the blistered surface of the calycinal 
walls, which are entirely composed of vesiculose plates. In vertical 
sections the polyparia appear to be built up by a superimposed 
succession of layers of vesicles, disposed in accordance with the 
shape of the end cups. 

An uninterrupted chain of transition forms between Cystiphyllum 
and the corals of the Cyathophylloid family exists, and the rela- 
tions of Cyathophyllum proper and Cystiphyllum are so close that 
I think it unnatural to separate this genus from it as representing 
a different family type. 

The formations of Michigan inclose a great many corals of the 


98 LOWER PENINSULA. 


Cyathophylloid family. The frequent fragmentary condition of 
the specimens and the altering effects of petrification prevent, in 
many instances, an exact identification of all the collected speci- 
mens, for which reason I have restricted myself to the description 
of those forms only of which I had satisfactory material for exami- 
nation. 

The genus Cyathophyllum, which gave the name to the entire 
large family, is not the primitive type form in which its first rep- 
resentatives appeared; the oldest forms of the Cyathophyllides 
were of the less complicated structure of Streptelasma and of 
Zaphrentis, which existed already in the lowest strata of the 
Trenton period. Cyathophyllum and many other diversifications 
of the type commence to appear in the upper Silurian beds. The 
Devonian period was the time of their greatest development, and 
after the carboniferous period we find the whole family extermi- 
nated, leaving no representative in the periods subsequent to the 
Permian strata. 


COG MEROMEOLIGWUIN GOnmnuiss: 


Simple or compound polyparia, each polyp cell surrounded by its 
own perfect wall. Vertical lamellze well developed, forming con- 
tinuous leaves through the whole length of the corallum, and ex- 
tending to the centre, or near to it. The interstices between the 
lamella in the peripheral area (formed by the ascending walls of 
the calyces) are divided into small vesiculose cell spaces by short, 
transverse leaflets extending from one lamella to the other, and 
filling the calycinal interstices up to the outer margins. The cen- 
tral area (formed by the bottoms of the cell cups) is transversely sep- 
tate by continuous simple diaphragms, or by compound plates 
formed of several convex, anchylosed pieces; these diaphragms 
are also intersected by the radial lamellz reaching to the centre, 
or gradually vanishing in the middle. Surface of vertical lamelle 
either smooth or granulose, with entire or with denticulated edges. 
Many species of Cyathophyllum have the side faces of their 
lamellz decorated by low, equidistant carinz, ascending in a curve 
from below and outward to the upper and inner edges, where they 
terminate as acute denticulations, or have the form of transverse 
trabecule, the carinze of both sides of the leaves being coincident. 
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This carination is very obvious in a certain species first described 
in the geological reports of New York under the name of Strom- 
bodes helianthoides, which subsequently has been selected as the 
type form of the genus Helophyllum (Heliophyllum Hallii), whose 
only distinguishing character from Cyathophyllum rests in the 
carinated surface of its lamellae. If this distinction had been 
carried out strictly, and had all the forms agreeing in structure 
with Cyathophyllum, and at the same time having the surface of 
the lamella decorated by carinz, been placed under the genus 
Heliophyllum, little objection could be urged against the arrange- 
ment, but no attempt has been made to doso. Milne-Edwards, 
the founder of the genus, while he describes one form as Helio- 
phyllum Hallii, comes out with another equally characteristic Helio- 
phyllum under the designation Zaphrentis cornicula, simply be- 
cause that species has a somewhat large septal fovea, its only 
structural similarity to Zaphrentis. Other forms with the Helio- 
phyllum character well developed he continues to consider as Cya- 
thophylla, as, for instance, Cyathophyllum helianthoides, Cyath 
hexagonum, Cyath. rugosum, etc. 

Carinated lamelle are also regularly observed in the genera Diphy- 
phyllum, Acervularia, Phillipsastraa, and in others. Another con- 
sideration depreciating the value of the carinations of the lamelle 
as a generic mark is their frequent total obsolescence in specimens 
which by all other characters belong to a certain carinated species. 
Having the alternative before me then, either to adopt Heliophyllum 
and to substitute that name fora great many others well established, 
or to restore a few species now named so to their nearest relatives, 
the Cyathophylla, many of which participate in the same character 
of carination, I felt inclined to take the latter course as the simplest 
and most satisfactory. 


CYATHOPHYLLUM HALLII, MILNE-EDWARDs. 


Synon., HELIOPHYLLUM HALLI, Milne-Edwards. 


Simple turbinate polyp cells, attached by the small basal apex, and 
frequently by additional root-like prolongations from a part of the 
side-walls. The conical shape of the cells varies considerably in 
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different specimens, and changes during the progress of growth. A 
specimen may begin with a narrow cylindrical base, and then sud- 
denly spread its end cell into an expanded dish form, or another 
may very regularly and gradually dilate into curved, horn-shaped 
cells, or the conical calyces of the base, after attaining a certain 
diameter, may stop to dilate and continue to grow on, maintain- 
ing the same size, into long, cylindrical stems, straight, or curved, 
or geniculated by interruptions in the growth, with constrictions 
and deflexions. In regularly formed specimens the calyces are 
shallow, bell-shaped, with broadly spread margins; other speci- 
mens have deeper calyces, with nearly erect margins. The radial 
lamellze are alternately shorter and longer, but equal in size near 
the calyx margins, forming a uniform, uninterrupted cycle, with ex- 
ception always of a faintly indicated apertural gap and septal 
fovea. The longer lamellz extend as somewhat flexuose crests to 
the centre. Often a lamella continues across the calyx from the 
centre of the apertural gap to the opposite side, and the other 
lamella abut against it from both sides in symmetrical order. The 
bottoms of the end cells are usually raised into obtusely rounded, 
monticulose protrusions, on which the lamelle unite with interlaced, 
twisted ends; or sometimes the lamellar crests fade away before 
reaching the centre, which then is formed by a smooth, naked spot 
of narrow extent. The most obvious character of this species are 
the arched carinz extending across the lateral faces of the lamelle 
from the outer peripheral side and below, to the upper and inner 
edges of the lamelle; the carinations correspond on both faces 
and project on the edges of the lamellz as obtuse, transverse bars 
or as acute dentations. The carine of different specimens vary 
considerably in degree of approximation; in some about eight 
carinz are in the space of one centimeter, while others may have 
as many as fifteen within the same space. The radial lamelle are 
acute, linear, and the interstices between them are completely filled 
by vesiculose, transverse plates arranged in imbricated superposi- 
tion, in arched rows, ascending from within and below, upward and 
outward, diagonally to the direction of the carine. In the central 
area the polyparia are intersected by diaphragmatic, transverse 
plates, usually compound, of several pieces, inclosing larger vesicu- 
lose, interstitial cavities, which, by intersection with the vertical 
lamella, are divided into cellulose spaces of a much coarser kind 
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than the interstitial cell spaces of the peripheral area. Associated 
with the specimens exhibiting plainly the carinated character of the 
lamelle, others entirely similar to them are found with very obscure 
carinations. The calyces of the largest specimens attain a diameter 
of about six centimeters. The average number of lamella, in the 
circumference of calyces four centimeters wide, is from seventy-five 
to eighty-five. The external mode-of growth is subject to a great 
many variations, from the short, broadly turbinate cell to long, cylin- 
drical stems, with all sorts of irregularities by constrictions, flex- 
‘ions, etc. Occurs in the upper Helderberg group, and in the 
Hamilton group of Michigan, Canada, New York, Ohio, and in the 
Western States. The specimens of different localities and of differ- 
ent strata show some differences, but not ina degree to justify 
their separation into several species. 

Plate XXXV., Upper tier.—The three left-hand figures are 
medium-sized specimens, found in the Hamilton group of Widder, 
C. W.; the two outer calyces are short, turbinate; the adjoining 
specimen exhibits an irregularly distorted cylindrical growth. 
The third upper figure from the left is found in the Hamilton 
group of Thunder Bay; the lamellz on one side of the calyx are 
plainly carinated, while on the other side scarcely any traces of 
carination can be observed. 


CYATHOPHYLLUM JUVENIS, N. Sp. 


A very constant form found in association with the preceding 
species, resembling it in all particulars, but in all proportions 
smaller. The arched carine are closely approximated, twenty-four 
on the space of a centimeter. Number of lamellae from sixty to 
seventy in the circumference of calyces two and one quarter centi- 
meters wide, which is about the largest size observed. Found in 
the Hamilton group of Thunder Bay, Little Traverse Bay, at Wid- 
der, C. W.; also in the upper Helderberg strata of New York, 
Ohio, Kentucky, etc. 

Plate XXXV., Upper tier—The three smaller specimens on 
the right side of the plate; the longer cylindrical specimen is of 
larger size than usual. 
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CV HOPnY LLUM ICORNICU LA. 


ZAPHRENTIS CORNICULA, Milne-Edwards. 


Single, conical, symmetrically curved polyparia, annulated by 
fine wrinkles of growth, and by distant, shallow, rounded constric- 
tions ; delicately striate in longitudinal direction by septal furrows ; 
apex pointed ; calyx deep, with suberect margins gently spreading 
near the edges. Bottom of calyces variable; there are specimens 
in which the calyx gradually narrows into an obtuse pit ; in others 
the bottom is reflected into a moderately convex protrusion, on 
which the lamellar crests unite; or this protrusion of the reflected 
bottom is of annular form, with a depression in the centre, which is 
confluent with a well-developed septal fovea situated on the convex 
side of the curvature of the horn-shaped polyp cells. The lamelle 
are alternately large and small, denticulated on the edges and 
carinated on the side faces ; from sixteen to eighteen carinz on the 
space of one centimeter’s length. Number of lamelle in calyces 
of two centimeters diameter, from seventy to eighty. Lamellar 
interstices of the peripheral area filled with vesiculose, transverse 
plates up to the margins of the end cups, but the edges of the 
lamella remain free to some extent, more so than in the former 
species. The central area is intersected by well-developed trans- 
verse diaphragms, of somewhat irregular compound structure, join- 
ing the outer vesiculose area with depressed margins. The largest 
sized specimens are about six centimeters long, by a diameter of four 
centimeters at the calycinal margins ; but the majority of specimens 
are much smaller. It occurs in the upper Helderberg strata of 
Michigan, Ohio, Canada, New York, and in the Western States, as 
one of the most abundant and characteristic fossils of that horizon. 

Plate XXXV., Lower tier.—The left-hand group of specimens 
represents different variations of the kind found in the drift of Ann 
Arbor, all in silicified condition, with exception of the upper 
largest specimen, which is calcified ; the other specimens are from 
the Falls of the Ohio, and from Columbus, Ohio. 
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CYATHOPHYLLUM SCYPHUS, N. Sp. 


Conical polyp cells, symmetrically curved, or irregularly constrict- 
ed and geniculated, pointed, or with a broad scar of attachment. 
Calyx deep, spacious, with erect margins; bottom narrowing into 
an obtuse point, or somewhat flattened. Lamelle linear, equal 
near the margins, but unequal in length, the larger ones uniting in 
the centre. The two lateral and the apertural gaps always plainly 
indicated; particularly distinct is the apertural gap, which has no 
determined position with regard to the curvature of the polyp cells. 
The surface of the lamellz is smooth; their interstic :s filled with 
vesiculose plates. The central area is transversely septate, by 
compound vesiculose diaphragms. Number of lamelle in calyces 
three and a half centimeters wide, 125 to 130. Polyp cells of larger 
size, measuring about two inches across the calyx and about three 
inches in length. Surface longitudinally ribbed by septal furrows, 
and intermediate rounded carine. Found in great numbers in 
silicified condition in the lower beds of the Hamilton group, at Long 
Lake, north of Alpena. 

Plate XXXV., Lower tier.—The two right-hand specimens. 
One exhibits a view of the calyx, with distinctly visible indication 
of the apertural and the two lateral gaps; the other gives a side 
view of a polyp cell. 


Ce POE EYEE W\irG ENICUIe AT UN No Sp: 


Large conical polyp cells of much interrupted growth by smaller 
constrictions and by deeper abrupt truncations of the old calyces, 
and renewed growth from their centre of a new calyx in consider- 
ably deflected direction, often making a perfect right angle with 
the old cell, which interruptions, frequently repeated, result in the 
production of distorted, geniculated, conico-cylindrical polyp stems. 
The basal portion of these stems exhibits sometimes a small scar 
of attachment at the pointed end; at other times broad scars, ex- 
_ tending some distance upward along the sides, are noticed on the 
lowest cell with truncate base. The latter more permanently at- 
tached stems are usually of a more regular, straight, conico-cylin- 
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drical form; the others, feebly attached stems, by breaking loose 
and falling into any accidental position, were obliged to alter the 
direction of their calyces, and if by subsequent currents or other 
causes their position was changed, they had to accommodate them- 
selves again to the new position, and this, I suppose, is the true 
reason of their distorted growth. The calyces of the polyp cells are 
deep, gradually tapering, with inclined suberect margins. Lamellz 
delicate, linear, subequal near the margin, crenulated at the edges, 
and obtusely carinated on the side faces. Apertural’ gap well 
marked. Interlamellar interstices of the peripheral area filled with 
vesiculose plates. Central area traversed by compound vesiculose 
diaphragms, which are much intersected by the vertical lamelle. 
Diameter of large calyces from five to six centimeters. Number of 
lamellz in calyces four centimeters wide, 112. Found in the upper 
shaly strata of the Hamilton group, at Partridge Point, Thunder 
Bay. 

Plate XX XVI.—Lower figure represents the peculiar mode of 
growth of the polyp cells. Some specimens found at Widder, C. W., 
in the Hamilton group, are of entirely similar growth, but these 
evidently are only a modified form of Cyathophyllum Hallii, with 
obscure lateral carine. 


CYATHMOLE VICE My TOUGLEON IT NR SE: 


Erect, conico-cylindrical polyp cells, with a strong latero-basal at- 
tachment. Surface obtusely wrinkled, rarely interrupted by acute 
annulations. Calyx deep, with steep side walls, and erect, slightly 
dilating edges. Bottom of cells about one third as wide as their 
outer margin, subplane or gently convex, with depressed circum- 
ference, crossed by the lamelle, of which three or four are always 
much stouter than the others and coalesce in the centre. Some- 
times the centre of the cell bottoms is depressed, with a ring-like 
elevation surrounding the depression, of smooth surface. Lamellz 
alternately larger and smaller, linear near the bottom of the calyces, 
roof-shaped on the ascending walls, and frequently explanate into a 
blistered plicated membrane near the margins. The surface and the 
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edges of the lamella within the calyces are covered with granula- 
tions and by short, interrupted, transverse carinations or rugosities. 
The transformation of the linear radial crests into roof-shaped plica- 
tions on the ascending side walls of the calyces alters the structure 
of the peripheral area considerably. There are no small, vesiculose, 
interstitial plates developed in the interstices between the radial 
crests, as in the outer area of other Cyathophylla; the lamelle 
themselves open in two diverging leaves,which join in the interstices 
into a continuous calycinal membrane of a blistered structure. 
The calycinal surface represents a complete laminar bag folded 
into plications, with the acute edges of the folds directed inward, 
and the rounded curve turned outward. The coral is formed by 
invagination of a series of such bags, which have elongated, blister- 
like intervals between them, but are in intimate connection by the 
edges of their crested plications, which correspond to each other 
and combine into vertical laminar dissepiments extending through 
the whole length of the corallum. In the marginal portions of the 
calyces, however, the crests are often interrupted in their vertical 
continuity by the extension of the blister-like interstices between the 
calycinal bags across several of the plications which have lost their 
edged crest form through spreading into a tent-shape. This struc- 
ture frequently causes an exfoliation of the surface of the speci- 
mens, with exposure of the outer blistered surface of the bags, by 
which even small fragments can be identified as belonging to this 
species. The central area is septate by transverse diaphragmatic 
plates of much regularity. The vertical lamelle intersect them as 
continuous leaves nearly to the centre. Occurs as the prevailing 
species in the Hamilton group of Thunder Bay and of Little Tra- 
verse Bay. A coral described by Hall under the name of Chono- 
phyllum ellipticum, from the Hamilton group of Iowa, agrees in 
structure with the described form, but not with Chonophyllum. A 
similarly built species is found in the upper Helderberg strata of 
Kentucky, but both of these, according to their mode of eon 
seem to differ specifically from our.form. 

Plate XXXVI.—In the upper tier of figures are views of dif- 
ferent specimens found at Little Traverse Bay. The central larger 
specimen presents a polished section. 
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CYATHOPHYLLUM RUGOSUM, MILNE-EDWARDS. 
Synon., ASTRA RUGOSA, Hall. 


Astreiform colonies of polygonal, intimately united stems of 
a diameter from one to one and a half centimeter, which in some 
specimens of a certain state of preservation are separable, and 
present longitudinally ribbed polygonal stems, annulated by trans- 
verse wrinkles of growth. Calyces joining, with gradually ascend- 
ing side walls, inclosing conical cell pits; or the end cells are formed 
by an abrupt, narrow, central pit, with horizontally expanded, dis- 
coid margins. The bottom of the cells issometimes formed by dia- 
phragms with a smooth central spot; usually the lamellz reach to 
the centre and intermingle there, forming a twisted knot. Number 
of lamellz in the circumference of the calyces from 35 to 45; their 
edges are crenulated, the side faces traversed by arched carinz,which 
in some specimens are almost obsolete, in others very distinct. In- 
terlamellar interstices traversed by small vesicles filling them to 
the margins of the calyces. The centre of the stems is transversely 
septate by diaphragms, intersected in their outer circumference by 
continuous vertical lamelle ; centrally their continuity is inter- 
rupted, and the ends are merely carinations on the upper face of the 
diaphragms. 

Milne-Edwards describes paliform lobes and the development of a » 
rudimentary columella in this species, but neither one nor the other 
structure can be recognized. The centre of the calyces in some 
weathered specimens protrudes with a degree of convexity exhibit- 
ing the twisted ends of the radial lamellz, but no paliform lobes, 
much less a columella. Found in the Helderberg limestones of 
Mackinac Island, and in the drift of the Lower Peninsula. It is 
also common at the Falls of the Ohio, at Sandusky, and in many 
other localities. 

Plate XX XVII.—The upper row represents a polished, horizontal 
section, and a lateral view of another specimen with stems separable 
from each other. 
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CYATHOPRAYVELUM DAVIDSONT 


Synon., ACERVULARIA DAVIDSONI, Milne-Edwards. 


ACERVULARIA PROFUNDA, Hall. 


The corals described under the name Acervularia Davidsoni and 
Acerv. profunda, which latter I consider merely as a variety of the 
former, are in structure identical with Cyathoph. rugosum. The 
genus Acervularia is represented as having its central portion of the 
polyp cells surrounded by an internal wall, but neither the above- 
mentioned corals nor the typical forms of the genus Acervularia 
(Cyath. pentagonum and Cyath. ananas of Goldfuss) exhibit an in- 
ternal wall. In the circumference of the abrupt inner cell-pits of 
all these forms a sort of annular demarkation is conspicuous in 
transverse sections, because the shorter ones of the alternately 
larger and smaller radial lamellae terminate there with somewhat 
thickened edges, but they never combine into a closed, ring-like 
wall. 

The specimens described by Milne-Edwards are from the Helder. 
berg limestones of the Falls of the Ohio; the Michigan forms 
identified with it in the subsequent description are found in the 
Hamilton group. 

Growth in large, convex masses, or in lenticular, discoid expan- 
sions, covered on the lower depressed, conical, and centrally at- 
tached side with a concentrically wrinkled epithecal crust. Stems 
multiplying by marginal and central gemmation from the calyces ; 
sometimes single stems are free and circular; usually the growth 
is astreeiform, with intimately connected polygonal calyces, sur- 
rounded by acute linear crested edges. The margins of the calyces 
are usually broadly explanate, discoid, rarely gradually descending 
into the more abrupt, bell-shaped, central excavation proper to 
all forms, on the rounded bottom of which the lamelle unite, or 
which, in rarer instances, exhibits a narrow diaphragm sparsely 
intersected by lamellar crests. Diameter of calyces about one 
centimeter, but quite variable. LLamelle long and short, in alter- 
nation, but equal in size near the calyx margins, crenulated at the 
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edges, and decorated by arched carinz crossing their flanks ; from 
thirty-six to forty lamellae in the circumference of a calyx. In- 
terlamellar interstices filled with delicate, transverse, vesiculose 
plates. The central area is distinctly septate by diaphragms, 
which are not much intersected by vertical crests; on the circum- 
ference of the central area, in polished transverse sections, a 
more compact ring is visible, formed by a thickening of the longer 
lamella, and by the abrupt termination of the alternating shorter 
ones within this circle, but not a trace of an actual inner wall is 
developed. By comparing specimens from different strata and 
different localities, a number of minor variations may be observed, 
but I do not consider them important enough to make specific dis- 
tinctions. This form approaches also so near to Cyathophyllum 
rugosum of the upper Helderberg group, that a strict distinction 
between them is almost impossible. 

Occurs abundantly in the Hamilton strata of Thunder Bay, and 
of Little Traverse Bay; is also a common form in the Hamilton 
strata of Iowa. 


Plate oOo Val Bice 4 


CVA OPRENaE DU Ms GR ISdy Ai iViee NestSsie: 


Astrziform calyces, bell-shaped, joining with polygonal, suberect 
margins; diameter of cells about two centimeters; about thirty-six 
alternately large and small stout lamelle in the circumference, with 
crenulated edges and lateral carinations; the larger lamelle ex- 
tend over the bottom of the cells to the centre ; interlamellar inter- 
stices large, filled with coarse, transverse, vesiculose plates. Central 
area irregularly septate by vesiculose compound diaphragms. Oc- 
curs rarely in the Hamilton strata of Little Traverse Bay; its 
structure is much coarser than in Cyathophyllum Davidsoni, with 
which it is associated. 

The specimens were not sufficiently perfect for photographic 


delineation. 


CYATHOPAY EE UM (COAMIT UM. Na Se: 


Astreiform masses of very large, polygonal polyp cells measuring 
about four centimeters in diameter, each one surrounded by its 
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own complete wall. Surface of calyces expanded, discoid, with an 
abrupt but shallow central pit, the reversed bottom of which con- 
ically projects, covered by the central ends of the radial crests. 
Lamelle linear, subequal, from sixty to seventy in the circum- 
ference of a calyx, crenulated by transverse trabecule (bars), which 
are the ends of lateral, arched carinze decorating the side faces ; 
about fourteen carinze on the length of one centimeter. Inter- 
stitial spaces filled with vesicles arranged in arched rows run- 
ning diagonally across the carinations. Central area traversed by 
transverse, larger plates, which are much intersected by the ver- 
tical lamella. The structure of this coral is identical with Cyatho- 
phyllum Hallii, from which it differs principally in its cespitose, 
compound growth. Found frequently in silicified condition in the 
drift, connected with fossils of the corniferous limestone. 

Plate XXXVIII.—Fig. 4 represents a fragmentary specimen 
from the drift of Ann Arbor. 


CV HOPE VE EUM pReADICU IAD Ns Se: 


Small single polyp stems, about one centimeter in diameter, coni- 
cal at the base, cylindrical in their prolongation, annulated by 
numerous sharp constrictions caused by periodical interruptions in 
the growth of the cells, which commences again with contracted 
base from the centre of the old cells. The bases of the stems are 
strongly attached to other bodies, and the attachment is often 
strengthened by excrescences from the sides of the stems. Calyces 
not as deep as wide, with erect, ascending sides, slightly expanded 
near the margins, and surrounded by about sixty alternately larger 
and smaller crenulated lamella. Bottom of cells flat, formed of 
a smooth or faintly carinated or granulose transverse diaphragm ; 
in some other specimens the lamelle extend to the centre, and the 
bottoms of the cells are more rounded, concave. <A septal fovea 
is rarely indicated. Found in the Niagara group of Drummond’s 
Island, at Point Detour, and in the Niagara group of Iowa. 

Plate XXXIX., Fig. 3.—The left-hand, outer vertical row of 
specimens is from Point Detour; the central row represents speci- 
mens from Masonville, Iowa; the right-hand row may bea different 
species. It occursin the Niagara group of Louisville, and of Charles- 
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ton, Indiana; the stems are of longer cylindrical growth, often 
curved and geniculated ; their calyces rarely exhibit a naked dia- 
phragm in the bottom, and the crenulated lamelle generally reach 
to the centre. The surface of the stems is in both kinds longitu- 
dinally ribbed by septal striz. 


CLISIOPHYLLUM, Dana. 


Simple conical polyp cells with the general structure of Cyatho- 
phyllum, differing from it in the shape of the calycinal bottom. 
Radial lamellz linear, with prominent free edges within the end 
cells; the interstices between the lamellz are traversed by trans- 
verse, vesiculose plates, but these do not fill the interstices up to 
the margins of the lamellz, as is usual in Cyathophyllum, and the 
inclosed vesiculose spaces are somewhat larger. The broad central 
area of the polyp cells is formed of high, projecting, conical dia- 
phragms, one incasing the other, and crested on the surface by the 
central ends of the radial lamella. The apertural septal fovea 
well developed. 


CLISIOPHYLLUM ONEIDAENSE, BILLINGs. 


Conico-cylindrical, sometimes elliptically compressed polyparia, 
annulated by numerous transverse wrinkles and intermediate linear 
constrictions. The stems are frequently flexuose; their width is 
from three to five centimeters, by a length of sometimes over one 
foot in cylindrical specimens; the conical cells are shorter, with a 
diameter equal tothat of theformer. ‘The basal ends of the larger 
stems often, for some length, grow in the form of narrow cylindrical 
pedicles, the surface of which is ornamented with numerous stout 
spinulose projections, which also extend, but rarely, for some dis- 
tance higher over the upper, more dilating portions of the stems. 
The calyces are spacious, with steep side walls, terminating with 
erect or only slightly expatiated margins. Lamelle near the 
calycinal margins of alternately larger and smaller size; further 
down the sides the lamelle are all of one size; the smaller inter- 
calated ones remain confined to the outer margin. A conspicuous 
septal fovea interrupts the cycle of the lamellar crests, causing a 
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deep, siphonal depression in the peripheral circumference of the 
cell bottoms, which are broad, rising into a strong cone carinated 
by the radial lamelle uniting on its apex in somewhat twisted 
manner. Number of lamelle in specimens of four centimeters 
calyx diameter, from 85 to 90, and at the margins of the calyces an 
equal number of small rudimentary folds are intercalated. 

Found in the upper Helderberg strata of Mackinac, at the Falls 
of the Ohio, at Port Colborme, in Canada, and frequently in the 
drift deposits. 

Plate XL.—The upper tier represents various silicified specimens 
found in the drift, left-hand and lower central specimen ; the other 
two are from the Falls of the Ohio. The right-hand specimen exhib- 
its the invaginated, conical diaphragms almost extending across the 
whole width of the stems, surrounded only by a narrow peripheral 
area. 


LITHOSTROTION, FLEMMING. 


_ Compound polyparia, formed of cylindrical stems, enveloped bya 
perfect epithecal wall, and either loosely approximated, with cir- 
cular orifices, or intimately united, and joining under polygonal 
outlines by mutual pressure. Structure very similar to Clisio- 
phyllum. The outer area is divided into small cellulose spaces 
by the interposition of vesiculose, transverse plates between the 
vertical lamelle ; the inner area, which is not defined from the outer 
area by an intervening wall, is formed by diaphragms reflected into 
large protruding cones, carinated by the radial crests uniting on 
them and invaginating into oneanother. The laterally compressed, 
crest-like apices of the invaginated cones grow together and form 
a continuous, thin axal lamina pervading the whole length of the 
corallum. 


LITHOSTROTION MAMILLARE, Epwarps & HAIME. 


LITHOSTROTION PROLIFERUM, Hall. 


Large colonies of remote, cylindrical stems, from one to two and 

a half centimeters in diameter, multiplying by gemmation from 

the margins of the calycinal disks, or astreiform masses of inti- 
22 
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mately united, polygonal stems of similarly variable sizes, and 
unequal in the same specimens through the intermixture of fre- 
quent young cells. Calyces moderately deep, obliquely spreading 
in the margins, and more abruptly excavated in the inner circumfer- 
ence. Bottom of cups reflected into a large, conical protuberance, 
carinated on the sides by the converging ends of the radial lamelle, 
and terminating with a laterally compressed cristiform edge. 
From thirty to forty lamellz in the circumference of a calyx; and 
sometimes indications of rudimentary, intermediate plications are 
noticeable. The clusters of singly growing stems cover sometimes 
spaces of large extent, and not a specimen with astraiform, poly- 
gonal calyces is found among them ; in other localities the astrei- 
form colonies are the prevailing form; this seems to indicate a 
difference between the two forms, but specimens are found, and 
that not rarely, in which one part of the stems is free, circular, and 
another intimately united, pressing each other into the polygonal 
form. As no difference in the structure can be observed in the: 
two forms, Iam inclined to consider them modifications of one 
species, whose difference in mode of growth is perhaps only de- 
pendent upon local conditions existing at one and another place. 
Occurs in the carboniferous limestone of Wildfowl Bay, and at 
Bellevue and Grand Rapids, Michigan. 

Plate LV.—The upper tier represents two specimens from the 
carboniferous limestone of Wildfowl Bay—one with astreiform, 
polygonal calyces, the other with partial free circular stems. 

The specimen lying across the bottom of the lower tier in the 
same plate is a singly grown stem of the same species. 


BEOREROPEMIEC UME Brictines. 


Conico-cylindrical polyparia, single, or in cespitose clusters, pro- 
duced by prolific calycinal gemmation of a few parent cells. The 
structure of the stems, as being built of a.series of invaginated 
cups, is particularly obvious. The bottom of these cups has the 
shape of transverse diaphragms, smooth in the centre, or super- 
ficially carinated by the central ends of the radial, crest-like folds, 
into which the side walls of the cups are plicated. These crests of 
the superimposed cups unite into continuous vertical lamine within 
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a narrow circle intermediate between the central and the peripheral 
areas, but are interrupted in their continuity outside or inside of it. 
Inside, on the diaphragms, the plications fade away as superficial, 
low carinations ; in the outer peripheral area their continuity is in- 
terrupted for other reasons; the margins of the incased plicated 
cell cups dissolve connection and begin to diverge ; gradually widen- 
ing gaps open between the laminar cup margins, which at first 
continue to repose on each other’s crests, but finally also these 
_ become disjunct, and they remain so until at the peripheral 
surface the edges of the cup membranes join again into a com- 
mon epithecal' wall, which closes off from the outside the cavern- 
ous gaps between them. Some of the forms have a well-developed 
septal fovea ; in others it is not very distinct. 


BEOLIROREMVELU Me DECORRICADT UM > BiImINGs: 


Large polyp stems, conical at the base, cylindrical and flexuose 
above, attaining a diameter of over two inches and a length exceed- 
ing onefoot. Surface, if perfect, covered by a continuous epithecal 
crust, longitudinally striate by septal furrows and annulated by 
deep wrinkles and constrictions. The conical basal part is deco- 
rated with strong nodular spinulosities, as the polyp cells of the 
associated Clisiophyllum, with which it stands in structural rela- 
tionship. Calyces moderately deep, with steep sides, explanate 
margins, and broad bottoms, in the form of irregularly concave 
diaphragms, smooth in the centre, and on one side depressed into 
a deep septal fovea. The lamelle are acute, very prominent 
linear crests on the ascending side walls of the calyces, but become 
lower and almost obsolete near the expanded peripheral margins ; 
in the broad marginal interstices between them smaller plications 
are regularly intercalated. 

The peripheral part of the polyparia formed by the expanded 
laminar cup margins, with large gaps between them, and supported 
only by their ends, united in an epithecal cuticle, is very fragile 
and rarely found in good preservation. The plurality of speci- 
mens have lost their epitheca, and the laminar margins stand out 
free, surrounding the stems like broad collars; or they have been 
destroyed, and only the central cores are found, presenting an ex- 
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foliated surface, and consisting of a cycle of stout vertical lamellae, 
which incloses the central series of diaphragms. Occurs in the 
drift of Michigan, and is found in place at the Falls of the Ohio, 
and in the corniferous strata of Canada. c 

Plate XLI.—Silicified specimens from the Falls of the Ohio. The 
right-hand weathered specimen exhibits the centre of a polyp 
stem intersected by diaphragms. The left-hand specimen has at 
the conical base preserved its continuous epithecal wall; above 
it the surface is exfoliated and shows the coarse, blister-like cavi- 
ties intermediate between the invaginated series of renewed cell 
cups. 


BVOi Th OPEN INU "G7 SPIMm@S Ul Nia se: 


Aggregated, conico-cylindrical polyp cells of a much interrupted, 
articulated growth, by constantly repeating constrictions and dilata- 
tions of the cell cups. The constrictions of the stems are acute 
angular, without interruption of the continuity of the surface walls ; 
in other instances the continuity is interrupted, and a more or less 
broad, expanded rim of the older cell cup projects with free edge at 
the places of constriction. The polyparia multiply by gemmation 
of many young cells at once from the end cups of the older stems. 
The clustered stems become attached to each other by their acute, 
annular edges; the joints of the obliquely diverging stems are gen- 
erally oblique to each other in proportion to the inclination of the 
stems—one joint, so to say, being pushed sideways over the other in 
this direction. The calyces are shallow, with obliquely spreading 
side walls. Radial crests not very high, linear, and projecting most 
on the more vertical portions of the cup walls, dilating into tent form 
on the marginal, expanded portions of the calyces. Edges of the pli- 
cations denticulate and surface granulose. At the margins of the 
calyces smaller, rudimentary plications are alternately interposed 
between the larger ones. Diaphragms forming the bottom of the 
cups flat, with several siphonal depressions in their circumference, 
but with no distinct septal fovea; their centre usually smooth, 
sometimes carinated by the ends of the lamellae. By the united 
linear, crest-like portion of the plications a cycle of vertical lamellz 
is formed around the central diaphragms ; the area exterior to this 
cycle is formed by superimposed, plicate, sometimes blistered, 
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laminar cup-walls, partially connected by the edges of the lamelle, 
otherwise separated by irregular, blister-like cavities, but uniting 
again in the peripheral wall. Diameter of stems from two to three 
centimeters. Found in the Niagara group of Drummond’s Island, 
at Point Detour, etc., in silicified, generally much decayed and 
altered condition. 


. Plate XLII.—Surface view and lateral view of specimens from 
Point Detour. 


CHONOPHYLLUM, MILNE-EDWARDS. 


Single turbinate polyparia, composed of invaginated, radially 
plicated cell cups, which are intimately united within the central 
area, and form with their linear plications continuous vertical 
crests, extending through the whole length of the corallum, and 
uniting in the centre into a somewhat twisted fascicle, but without 
composing a solid central axis. The interlamellar interstices of 
this central fascicle or core are traversed by transverse vesiculose 
plates, but no larger transverse diaphragmatic septa are observable. 
In the peripheral area the structure is entirely different. The con- 
nection between the invaginated cups becomes more loose, the 
linear plications open themselves and spread horizontally, forming 
gradually widening and moderately convex, band-like folds of the 
expanded laminar cup walls, which are superimposed in well-defined, 
membraniform layers, one reposing on the granulose prominences 
of the surface of another, and more intimately connecting in the 
linear furrows between the plications, which correspond to the 
interlamellar spaces of other Zoantharia rugosa, but were confused 
by Billings with the lamellz. In his description of Chonophyllum 
magnificum, Mr. Billings remarks: ‘The grooves on the floor of the 
cup indicate the position of the septa, and the ridges are the equiv- 
alent of the interseptal spaces.” This is an evident error. It can 
be directly observed in the specimens how the linear vertical crests 
of the central area gradually open in two diverging leaves, spread- 
ing horizontally into flattened, band-like folds, and at the same 
time how the spacious interlamellar interstices of the central circle 
become outwardly angustated in the same measureas the plications 
widen. In the median line of these linear interstitial spaces, con- 
founded with the lamellz, the rows of vesiculose transverse plates, 
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characterizing them as true interstitial spaces, are, in all the well- 
preserved specimens, plainly demonstrable, anatomical facts. 


CHONOPHYLLUM MAGNIFICUM, BILLINGs. 


Conical polyparia, attaining a calyx diameter of nine inches in, 
larger specimens ; some grow in short, broadly expanded polypdoms, 
increasing but little in length; others proportionately elongate 
their stems with the widening of their calyces. The pointed ends 
of the polyparia are attached by a small scar. The outer wall is 
annulated by concentric wrinkles of growth and longitudinally 
ribbed by septal striz. Calyces broad, explanate, dish-shaped. 
Plications equal, linear, crest-like in the central parts of the calyces, 
but changing into tent-shape on the spreading neck part, and open- 
ing into broad bands near their peripheral circumference. The 
surface of the plications is densely covered with decorative granu- 
lations or papilli, visible as well on the horizontal, band-like surface 
as on the side faces of the linear, crest-like portions. In calyces of 
three inches diameter about ninety plications are counted in the 
circumference. In the bottom of the calyces the lamella become 
very delicately linear and twisted, or irregularly interlacing into a 
central fascicle. No indication of a septal fovea. Occurs in the 
upper strata of Mackinac Island and in the drift of the Lower Pen- 
insula, and is common at the Falls of the Ohio, at Charleston 
Landing, Indiana, and in other exposures of the upper Helderberg 
group. 

Plate XLIII., Upper tier—The right-hand specimen isa silicified 
fragment of a large calyx exhibiting the band-like form of the 
lamellae toward the outer margin, and their crested linear form 
near the central cavity ; the papillose surface is likewise well seen 
in the figure. The other specimen gives a side view of a specimen 
showing the general‘mode of growth, and the laminated structure 
of the polyparia. The right-hand figure in the lower row is a calyx 
seen fromabove. All the specimens represented are from the Falls 
of the Ohio; the Michigan specimens were not so well adapted for 
delineation. 
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CHONOPHYLLUM PONDEROSUM, N. Sp. 


Patellate, depressed, conical polyparia of irregular, unsymmetrical, 
clumsy growth, with gemmation from the centre of the calyces, of 
single new cells, or, in rare instances, of from two to four confluent 
or imperfectly defined calyces. End cells shallow, explanate at the 
“margins, more abruptly depressed in the centre, which is surrounded 
by a cycle of low linear crests uniting in it with twisted ends. 
Expanded marginal part radiated by flat, broad, band-like plica- , 
tions of papillose surface. The specimens are all formed of a heavy, 
compact mass of amorphous, white, ivory-like carbonate of lime, or 
partially silicified, and with scarcely a trace of the organic structure 
preserved ; only in a few specimens could enough of it be seen by 
which to recognize the generic relations of the specimens and their 
correspondence with Chonophyllum. It does not seem to be the 
mode of petrification which obscures the structure, as we find this 
coral in many different localities associated with other corals ex- 
hibiting the finest details of structure, while they everywhere pre- 
sent the same massive, compact condition. The coral appears to 
have, during the progress of its growth, filled out all its cellulose 
cavities as soon as the fleshy parts of the animal abandoned them. 

It occurs rarely in the upper Helderberg limestones, but is abun- 
dant in certain layers of the Hamilton group of Thunder Bay, and 
is also found in Little Traverse Bay. 

Plate XLIII., Lower tier—The left-hand figure is 4 specimen 
found in the lower limestones of Phelps’ quarries, near Alpena. 


OMPHYMA RAFINESQUE, PrVGCHOR EYEE Vis LN 
PARTE, MILNE-EDWARDS. 


Single conical polyp cells of Cyathophylloid structure, composed 
of invaginated calycinal cups, the bottoms of which have the form 
of spacious diaphragms, either smooth or crested by the radial 
lamella uniting in the centre. The ascending side walls of the 
cups are encircled by linear, crest-like plications, which connect into 
uninterrupted vertical laminz, within this intermediate area. At 
the peripheral cup margins the plications become tent-shaped, em- 
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bracing one another in their superposition, but not always com- 
bining with their edges into uninterrupted vertical leaves. The 
interlamellar interstices are traversed by transverse plates, and 
divided into cellulose spaces, but the dissepiments are not inde- 
pendent vesiculose leaflets ; they make part of the tent-shaped folds 
of the invaginated series of cell cups, and represent the rounded, 
outwardly directed flexion of the plicated cup walls, while the in- 
wardly turned folds are sharply crested. Root-like, cylindrical ex- 
crescences from the side walls of the polyparia, by which they are 
attached to other bodies, are a peculiarity of the different species of 
Omphyma, which, however, are not exclusively so to them, but are 
also noticed in other forms of the Cyathophylloid family. As 
another distinctive character of Omphyma, the development of four 
septal fovez is mentioned by Milne-Edwards, but they are generally 
not all equally distinct, while very frequently only one of them is 
obvious, the others being almost obsolete. The genus Ptycho- 
phyllum, described by Milne-Edwards as being organized like 
Chonophyllum, differing from it in the twisted converging ends of 
the radial lamelle, forming a central false columella, is likewise in 
close structural relationship with Omphyma, and in the special 
case of Ptychophyllum Stockesii, I found its affinity with Om- 
phyma verrucosa so great that I altered the name of the first from 
Ptychophyllum to Omphyma. 


OMPHYMA VERRUCOSA, MILNE-EDWARDS. 


Conical polyparia, attaining in larger specimens the length of 
one decimeter by a calyx diameter of from seven to eight centi- 
meters. Surface of the silicified specimens generally exfoliated ; if 
perfect, it is covered by an epithecal wall with annular wrinkles of 
growth, and longitudinally striate by septal furrows. From the 
sides of the conical walls numerous cylindrical, root-like prolon- 
gations grow out, serving for attachment of the coral to other 
bodies ; these appendices were not distributed equally over the sur- 
face, but seemed to form only on those sides where a chance for 
attachment was offered by close proximity of an object. Calyces 
spacious, with steeply ascending sides and a gently expanded mar- 
gin; bottom broad, convex, with depressed circumference, flat or 
somewhat concave in the centre, which may be almost smooth, or 
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the lamellz may extend over it as carinations, becoming twisted in 
the centre. On the ascending sides of the calyx the lamelle have 
the form of acute linear lamine alternating in size, a smaller and a 
larger one near the bottom of the calyx always united into pairs. 
In the marginal portions of the calyces, the two plates forming the 
linear crests diverge at the base, and open into a tent-shape. The 
- four septal fovez are scarcely ever distinct—two of them, or it may 
be only one, being plainly developed. 

The centre of the polyparia is, in vertical sections, seen regularly 
intersected by large transverse plates, and the continuity of the 
vertical crests is interrupted. Number of lamellz in calyces of six 
or seven centimeters diameter from one hundred to one hundred 
and ten. Associated with the elongated type form already de- 
scribed, which is represented on Plate XLIV., lower tier, right- and 
left-hand specimens, are shorter conical specimens, with broad, ex- 
panded calyx margins, and generally with a very prominent bot- 
tom, covered by twisted radial crests, seeming to be a mere variety 
of the former kind. The central figure between the two repre- 
sents one of them. Occurs in the Niagara group of Drummond’s 
lislanid= ete: 


SOMEEM MA SROCKESU: 
Synon., PTYCHOPHYLLUM STOCKESII, Milne-Edwards. 


Conical polyp cells very similar to the former species, in structure 
and mode of growth. Calyces spacious, rather shallow, with ex- 
panded margins; bottom of cells always raised into a monticule, 
on which the lamelle unite in twisted manner. Two of the septal 
foveze distinct; the other two obscure. Lamelle united into pairs 
of a larger and a smaller one; of more delicate structure than in 
the former kind, and with narrower interstices. Their vertical con- 
tinuity is complete in an inner intermediate cycle; interrupted in 
the central part, occupied by transverse diaphragms, and in the 
marginal parts, in which the horizontally expanded cup membranes 
are bent into zigzag lines, and superimposed in layers. Number of 
lamellae somewhat larger than in the former species in specimens 
of the same size. External surface covered with root-like ex- 
crescences as in the other. The description given by Edwards of 
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Ptychophyllum Stockesii says nothing about such excrescences, 
but otherwise it applies exactly to the specimens now considered, 
which were found in the same locality as his, at Drummond’s 
Island, associated with the other form. Other forms of Ptycho- 
phyllum, found at Louisville, in the Niagara group, and resembling 
Ptychophyllum patellatum from Gothland, have these root-like ap- — 
pendices also well developed. It is sometimes difficult to draw a 
line of distinction between specimens of these two species. 

Plate XLIV., upper tier, gives various silicified specimens from 
the Niagara group of Drummond’s Island. 

A very common species in the Niagara group of Iowa, described 
by D. Dale Owen, under the name of Cyathophyllum undulatum et 
multiplicatum, has a structure entirely conformable with the two 
species of Omphyma of Drummond’s Island, and must therefore be 
arranged with them in the same generic group. 


DIPAY PHM UM SE ONSDALE: 
Synon., ERIDOPHYLLUM, Milne-Edwards. 


DIPLOPHYLLUM, Hall. 


Colonies of aggregated cylindrical polyp cells, multiplying by caly- 
cinal gemmation, but not by fissiparous mode of propagation, as 
Lonsdale asserts. The stems are rarely in intimate contact so as 
to form astreiform masses; usually some interval remains between 
them, and they are mutually connected by rugose or radiciform 
lateral prolongations of the walls, or by floors formed by periodical 
horizontal expansions of the calyx margins until they join at their 
edges. Structure of cells biareal. The outer area is formed by the 
external epithecal wall with a cycle of stout vertical lamella having 
crenulated edges and arched carinze decorating their flanks. The 
interlamellar interstices are filled with small transverse plates, divid- 
ing them into narrow cellulose spaces. These transverse plates are 
disposed in arched rows, crossing the arched carine diagonally 
from within and below, upwardly and outwardly. The inner area 
is principally composed of flat, transverse diaphragms, which are 
only in their circumference intersected by the radial lamelle ; their 
centre is free of the crests, or the crests extend only on their upper 
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surface to the centre. There are three different modifications in 
the structure. In one the demarkation of an inner and an outer 
area is very obscure; the vertical lamelle reach to the centre of 
the diaphragms as superficial carine. These are exclusively 
Silurian forms, which might be distinguished as a peculiar generic 
type, but as their general mode of growth is so similar to the other 
biareal forms of Diphyphyllum, I prefer to leave them together. 
A second modification has a very broad central area, formed almost 
exclusively by transverse diaphragms, while the vertical lamelle 
are confined to a narrow peripheral cycle; but the inner and outer 
cycle is not defined by an intermediate internal vertical wall. The 
third modification, which is generally of stouter growth than the 
second form, has the inner area defined from the outer by a dis- 
tinct vertical wall of horseshoe shape, open on the side of the 
apertural fovea. The lamelle in this latter form never transgress 
the inner wall, and the central part within is exclusively formed 
by a superimposed series of transverse diaphragmatic plates. 


DIPHYPHYLLUM HURONICUM, N. Sp. 


Aggregated, cylindrical, flexuose stems of a diameter of from one 
to two centimeters, annulated by delicate strie of growth, and by 
deeper wrinkles and constrictions ; longitudinally ribbed by septal 
furrows. The stems are laterally connected by stout rugose prolong- | 
ations from their walls, which in all the stems of a colony are uni- 
formly directed to one side. Calyces moderately deep, dish-shaped, 
with explanate margins, radiated by about sixty linear lamelle, 
which unite in a central fascicle; their margins are faintly cren- 
ulated, or not so at all. Interstices filled with vesiculose plates, 
which in the central part are larger and inclose somewhat coarser 
cell spaces, but no distinct large plates, properly deserving the 
name of diaphragms, are developed, and the outer and inner area 
are not well defined. The stems multiply by gemmation from the 
centre and the margins of the end cells, the marginal gemmez re- 
maining for a good while of a more slender, smaller size than the 
contemporaneous new cells sprouting from the centre. Found in 
the Niagara group of Drummond’s Island and Point Detour. 

Plate XLV.—Fig. 1 represents a side view of a cluster of stems 
found at Point Detour. 
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DIPHYPHYLLUM RUGOSUM, MILNE-EDWArRDs. 
ERIDOPHYLLUM RUGOSUM, Milne-Edwards. 


Of very similar sructure to the former, but its stems are smaller, 
less than one centimeter in thickness; the gemmation from the 
calyces is very prolific ; from four to six gemme grow at once from 
an end cup; the stems are tortuous, geniculated, annulated by 
sub-regularly repeating constrictions, and by delicate linear striz of 
growth ; the lateral processes, for mutual attachment of the stems, 
are acanthiform, quite numerous. Calyces forming rounded, 
moderately deep excavations with slanting sides and erect margins. 
Lamelle crenulated, from forty to fifty in the circumference of a 
calyx, and extending nearly to its centre, which is generally formed 
by a very narrow diaphragm, not transgressed by the lamelle, but 
not separated from the outer area by an internal wall. 

This species is not found in Michigan, but is a very common form 
in the Niagara group of Indiana and Kentucky, and because of its 
close affinity to the former species, I have considered it of interest 
to describe and represent it in this place. 

Plate XLV.—Fig. 2 gives a side view of a silicified specimen from 
the vicinity of Louisville ; the stems are of somewhat larger size 
than the specimens usually have. 


IDOE EOE IIL OME MOOI ICA UIE ~ TeLaseiee 
SYRINGOPORA MULTICAULIS, Hall. 


Flexuose cylindrical stems, from three to four millimeters in di- 
ameter, distant from each other about one tube diameter, connected 
by narrow, remote spurs resembling the transverse tubules ofa 
Syringopora. Surface faintly ribbed by septal striz, and encircled 
by wrinkles of growth. Calyces deep, with almost vertically erect 
walls, radiated by about thirty crenulated lamellz, of which half the 
number are marginal; the others reach to the centre. Interstitial 
spaces filled with vesiculose plates. Diaphragms generally obscured 
by frequent intersection with the lamellz ; more rarely the central 
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area is occupied by a flat diaphragm free of crests. I was at first 
inclined to consider the latter form as a separate species, but I 
found later that these differences constitute only individual vari- 
ations of the same form. 

Found in the Niagara group of Point Detour, Seul Choix, on 
Lake Michigan, and in the drift boulders of the Lower Peninsula. 

Plate XLV. —Fig. 3 is a specimen with plainly developed trans- 
verse diaphragms; in Fig. 4 the lamelle extend to the centre, 
and the diaphragms are obscure. Both specimens are found in the 
drift of Ann Arbor. ; 


DEY EVE WM SIMCOENS HE BILLINGS: 


Synon., ERIDOPHYLLUM SIMCOENSE, Billings. 


DIPHYPHYLLUM STRAMINEUM, Billings. 


Colonies of cylindrical, subparallel, straight or flexuose stems, 
closely aggregated or more distant from each other, varying in 
different specimens, in diameter, from three to six millimeters. 
Surface longitudinally ribbed and annulated by wrinkles of growth. 
The stems laterally connect by slender transverse processes, similar 
to the transverse tubules of Syringopora—not, however, making 
communication between the visceral cavities, as in those, but 
merely fastening externally to the walls for mutual support, ac- 
cording to the necessity; in some places these are numerous 
and crowded, in others considerably distant. Calyces deep, with 
erect sides and slightly dilating margins, surrounded by about 
forty crenulated lamellez of equal size near the margins, but alter- 
nately longer and shorter in the bottom part of the calyces. In 
some specimens these are almost totally restricted to a narrow 
marginal cycle, and the centre is occupied by flat, broad dia- 
phragms with depressed circumference; in other specimens the 
larger lamella extend nearly or completely to the centre, and in- 
tersect the diaphragms as continuous vertical leaves. The same 
specimens often exhibit tubes with both variations of structure, 
plainly demonstrating how little importance can be placed in some 
cases on the degree in development and extension of the vertical 
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crests. The interlamellar interstices of the peripheral area are 
traversed by vesiculose plates ; the central area, principally formed 
by transverse diaphragms, is not defined from the peripheral cycle 
by an internal wall. Gemmation calycinal, producing single forked 
branches or a number of young calyces sprouting at once from the 
end cells. Occurs in the upper Helderberg limestone of Mackinac, 
and in the corniferous strata of Canada, New York, Ohio, and in 
the Western States; likewise found frequently in the drift of the 
Lower Peninsula. 

Plate XLVI., Upper tier.—The left-hand figure represents a 
specimen found in the drift, with tubes smaller than usual ; it is in 
all probability identical with Diphyphyllum stramineum, Billings. The 
two lower figures are different views of one specimen with larger 
tubes, agreeing with the type form of Eridophyllum Simcoense, 
described by Billings. It was found in the corniferous limestone 
of Caledonia, N. Y. 


DIRE Wwe UV aka CintSie PiyAd Uiving Ne SPs 


Cylindrical, closely aggregated, subflexuose stems, from five to 
seven millimeters in diameter. Calyces with erect, vertically ascend- 
ing side walls, and a broad bottom formed by flat diaphragms de- 
pressed in their circumference and smooth in the centre. Lamellz 
stout, alternating in size, not crenulated, about thirty-six in the 
circumference of a calyx; the larger ones extend over the marginal 
parts of the diaphragms. Diaphragms remarkably regular, extend- 
ing nearly across the entire width of the stems, meeting near the 
outer walls with a very narrow peripheral cycle of more minutely 
cellulose structure, formed by intersection of the interlamellar 
spaces with ascending rows of small, transverse, vesiculose plates. 
The species has much resemblance to Diphyphyllum latiseptatum 
of McCoy. Occurs in the lowest horizon of the Hamilton group, 
near Craford’s quarry, at Middle Island, Presque Isle Lighthouse, 
etc. Not figured. 
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DIPHYPHYLLUM PANICUM. 
Synon., CYATHOPHYLLUM PANICUM, Winchell. 


_ Large colonies of diverging, partially contiguous cylindrical stems 
of about one centimeter in diameter, multiplying by prolific caly- 
cinal gemmation. Stems longitudinally striate and transversely 
wrinkled by lines of growth, and, periodically, by deeper incid- 
ing constrictions. Calyces deep, with steep side walls and slightly 
expanded margins. Bottom of calyces occupying about one third 
of the diameter of the stems, formed of vesiculose compound dia- 
phragms, which are only in their peripheral circumference intersect- 
ed by vertical lamella. Lamelle crenulated at the edges and deco-- 
rated on the sides with arched carinz, from forty to fifty in the 
circumference of a calyx. Peripheral area filled with small inter- 
lamellar vesicles; the two areas are not defined from each other 
by an intervening wall. Found in the upper part of the Hamilton 
group, in the lime quarries near Petosky, and on Little Traverse 
Bay. 

Plate XLVII., Fig. 3.—Two fragments, one exhibiting a vertical 
section through the stems, the other giving the exterior surface 
of the stems. 


DEEPER ee UM GHG ASS Nov Sp: 


Large cylindrical stems, sometimes over one inch in diameter, 
growing in cespitose colonies, and multiplying by prolific calycinal 
gemmation of the stems. Surface covered with annular wrinkles, by 
which the stems attach themselves to one another. Longitudinal 
septal striz very distinct. Calyces deep, with steep side walls and 
gently expanded margins, surrounded by about eighty subequal 
lamella crenulated at the edges by the development of arched 
lateral carinze. Interlamellar interstices of the outer area filled 
with small, transverse, vesiculose plates. Bottom of calyces formed 
by flat diaphragms, smooth in the centre, and intersected in the 
circumference by the vertical lamella; no defining walls between 
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the outer and inner area. Found in association with fossils of 
the corniferous limestone, in the drift deposits of Michigan. 

Plate XLVI., Upper tier, right-hand figure. — Diphyphyllum 
(Eridophyllum) Verneuilli, a species with stems intermediate in 
size between this form and Diphyphyllum Simcoense, is likewise 
not uncommon in the drift boulders belonging to the corniferous 
limestone formation. Its central area, formed of smooth transverse 
diaphragms, is defined from the peripheral cycle by an internal wall, 
more or less distinctly developed. Not figured. 


DIRE? VIM: Aner ACl BreminGs: 
~Synon., ERIDOPHYLLUM STRICTUM (?) Milne-Edwards. 


Cylindrical stems, multiplying by calycinal gemmation, with a 
diameter of from one to two centimeters, transversely wrinkled by 
fine striz of growth and longitudinally ribbed by septal rugz ; in 
some specimens the stems are articulated by abrupt constrictions, 
and moderately distant; in others the growth is more uniform 
and the stems are in closer approximation, partly touching with 
their sides. Calyces generally bell-shaped, with steep sides and 
gently dilating margins; sometimes more shallow and of ex- 
panded form. Lamellz crenulated by the ends of the arched 
carine decorating their sides, fifty to sixty in the circumference of 
a calyx, subequal near the margins, but alternately longer and 
shorter; the longer ones abut against a narrow inner wall formed 
like a horseshoe, which incloses flat transverse diaphragms; the 
aperture of the horseshoe is coincident with the principal septal 
gap. The interstices of the peripheral cycle of lamellz are divided 
into small cellulose spaces by transverse vesiculose plates. Occurs 
in the upper Helderberg limestones of Michigan and Ohio, and in 
the Hamilton group of Thunder Bay ; likewise in Bosanquet town- 
ship, Canada. The specimens from different localities vary some- 
what, but agree in general so well that a specific distinction can not 
be made with propriety. The Helderberg form, which I have identi- 
fied with this species, is probably the same with Eridophyllum 
strictum, Milne-Edwards. 

Plate XLVII., Upper tier—The left-hand figure is a polished 
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transverse section through a specimen from the upper Helderberg 
group, exhibiting the narrow horseshoe-shaped inner walls. The 
right-hand specimen, found in the same locality, exhibits a side 
view of the stems, interrupted by constrictions. The vertically 
intersected central stems have the narrow central area and the 
lateral carinations of the lamella well exposed. The right-hand 
figure in the lower tier of the same plate represents a cluster of 
stems found in the Hamilton group of Alpena, with well-preserved 
end cells. 


DJUPIEDO Ps CIE ON! Y KOI EVAN OE 


HELIOPHYLLUM COLLIGATUM, Billings. 


Colonies of subparallel stems of the structure of Diphyphyllum, 
with an internal narrow wall separating the outer finely cellulose 
from an inner transversely septate area. The growth of these 
colonies is entirely peculiar; the stems are regularly articulated 
by deep censtrictions, in which constricted parts they are free. In 
alternation with these constrictions, the calyces become broadly 
expanded at certain levels, coincident in all the tubes of the colony, 
and join with their margins under polygonal outlines in a contin- 
uous floor of astreiform aspect. Ata subsequent period the sur- 
face of the expanded calyces becomes covered up by an epithecal 
crust, and from the centre of each of the old calyces a new calyx 
grows with a contracted base, rapidly dilating above, in order to 
meet the others again in a common floor, which contractions and 
expansions follow each other in constant succession. The calyces 
are radiated by about fifty crenulated lamellz, equal near the 
margins, but alternately longer and shorter on the sides of the 
calyces; the longer ones abut against the narrow inner wall. 
Found in the upper Helderberg limestones of Michigan, Canada, 
and at the Falls of the Ohio. 

Plate XX XVIII.—_Fig. 3 represents a side view of two silicified 
fragments from the drift of Ann Arbor. 

23 
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PHILLIPSASTRAZA, D’ORBIGNY. 
Synon., SMITHIA, Milne-Edwards. 


Compound astrzeiform polyparia, with confluent calyces, destitute 
of intervening walls, but enveloped at the base of the colony by a 
common epithecal crust. Calyces horizontally expanded in their 
margins, excavated by an abrupt central pit, which is usually sur- 
rounded by an elevated monticulose rim. Radial lamelle linear, 
carinated on the sides, and crenulated at the edges by the ends of 
the same carinations. Cycle of the lamella composed of alternately 
- longer and shorter ones; the longer lamelle unite in the centre, 
and form a pseudo-columellar, nodular protuberance, but do not 
connect into a continuous vertical axis. The shorter lamellz ter- 
minate on the monticulose rim surrounding the central crateriform 
cell pit. Interlamellar interstices filled with transverse vesiculose 
plates, arranged in the peripheral area in arched rows crossing 
diagonally the direction of the lateral carine. The transverse septa 
of the centre are so much intersected by the centrally converging 
vertical lamelle that the contrast inthe structure of the outer area 
from that of the inner is very much weakened; the inclosed vesi- 
culose interstitial cell spaces of the centre are somewhat coarser 
than the peripheral ones, but it is seldom that larger plates, com- 
parable with continuous diaphragms, can be noticed. By the 
greater conspicuousness of these transverse plates in the centre, the 
eenus Pachyphyllum is distinguished from Phillipsastrzea ; there are, 
however, so many gradations of transition between the two modi- 
fications of the otherwise perfectly identical types, that I consider 
their separation artificial and inappropriate. 


PHILELPSASTRAAA VERNEUIEER MILNE-EDWARDS. 


' Size of corallites very different in various specimens. Distance 
from centre to centre of cell pits from one to one and a half centi- 
meter. Diameter of the central pits varying from three to five 
millimeters. Number of lamella in the circumference of a cell from 
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thirty-six to forty. Lamellz linear within the inner cycle, and tent- 
shaped on the expanded peripheral portions of the calycinal:conflu- 
ent disks. Such tent-form is evidently not caused by any divergence 
of the two leaves composing the crests, but by the oblique lateral 
attachment of the interstitial vesicles to them. The crenulations 
of the edges of the lamellz have the form of linear crossbars. The 
centre of the calyx bottom is raised into a columellar knot, and in 
vertical sections of calcified specimens a central string of greater 
density can be observed, but it is not a solid axal column ; in some 
specimens no indication of a columella.is perceptible. 

Grows in large discoid or convex masses, and is found frequently 
in the drift deposits of Michigan, associated with fossils of the cor- 
niferous limestone. 

Plate XXXVIII.—Fig. 2 represents two silicified fragments 
found in the drift of Ann Arbor. 


JPIBUDU CIV ESYAGS IISA O IAN (CAKGHENS) (() (ONIDIN 
PHILLIPSASTRZA GIGAS, Billings. 


Large lenticular masses covered by an epitheca on the lower 
side; upper side formed by large confluent star cells perfectly re- 
sembling the smaller form, Phillipsastrea Verneuilli. The polyp cells 
are unequal, owing to the frequent intercalation of young calyces. 
The cells are not perfectly confluent with their horizontally .ex- 
planate margins; an obscure polygonal defining line indicates the 
extent of every individual calyx, but an intermediate wall is not 
developed. Diameter of the larger calyces over two centimeters ; 
diamicken ol imner. cell) pit met) quite one: centimeter, ~ Nhe ci 
cumference of the inner cell pit is raised intoa rounded monticulose 
rim. Bottom of inner cell pit reversed into a small central boss, on 
which the lamellz unite with a spiral twist. Circumference of cells 
radiated by from fifty to sixty crenulated lamelle. 

Found in the upper strata of the Island of Mackinac. 

Plate XXXVII., Lower tier—The left-hand figure presents a 
surface view of a calcified specimen from Mackinac. This form is 
in all particulars, except in the size of the calyces, similar to 
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Phillipsastraea Verneuilli, but the two forms are not found associated 
on Mackinac Island. It is doubtful to me whether Owen’s species 
is identical with this form; the figures and descriptions given by 
him are insufficient to determine the question positively. Another 
large form of Phillipsastraea, for which I propose the name of 
Phillipsastr@a Yandelli, is found inthe Helderberg limestones of the 
Falls of the Ohio, and in silicified condition, often loose, in the drift 
of that vicinity. It differs from the described form in having 
much more spacious central cell pits, not surrounded by a raised 
rim. The bottom of the cells is formed by a large convex pro- 
tuberance on which the lamelle unite ; diameter of cells from three 
to four centimeters ; inner cell pit one anda half to two millimeters 
wide ; exterior outlines of calyces obscurely defined. Not repre- 
sented for want of space. 


STROMBODES, SCHWEIGGER. 


Compound polyparia, formed of radiated polyp cells united, with- 
out defining walls. The cells are either confluent, without any 
peripheral demarkation, or they join under obtusely crested poly- 
gonal outlines, which inclose shallow calycinal depressions with an 
abrupt central pit. The surface impressed with these pits forms a 
continuous laminar expansion, and the growth of the polyparia 
consists in a constantly repeated production of such lamine ; where- 
fore we find them formed of a superimposed series of such layers. 
The walls of the abrupt central depressions of the calyces, which 
correspond in the layers, combine by invagination into cylindrical 
central cores, extending, without interruption, through the whole 
length of the corallum; the crest-like plications in the circum- 
ference of the inner cell pits form a cycle of vertical lamellae, which 
intersect this central core. The horizontally spreading marginal 
portions of the superimposed calyces are not in immediate con- 
tiguity ; between each layer an interstice exists, which is filled 
with unequally interlaced, blister-like vesicles. This indicates a 
periodicity in the growth of the polyparia by which at one time 
fully finished, radially plicated, continuous laminar calyces were 
formed, and in time for the abandonment of the old cells and pre- 
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paratory to the formation of a new layer, the old surface was 
covered by a coating of vesicles to serve as an under structure for 
the support of the new, carefully finished, calycinal floor. The 
radial plications of the calyces generally unite in the centre into a 
papillose projection ; in rare cases they die out before reaching the 
centre and leave a small naxed spot within. The arrangement of 
the. lamellae into four fascicles and the development of a small 
septal fovea are not unfrequently noticeable in the bottom of the 
cells; the steeply ascending sides of the inner pit are surrounded 
by crest-like plications, which grow stouter as they bend over upon 
the expanded marginal parts, and, in their course to the margin, 
repeatedly divide into narrow rounded ruge, often five or six 
times more numerous than the crests of the cell pit from which they 
emanate. The division in this case is not conformable with the 
rule of intercalation of new lamelle set forth in the introductory 
pages, but takes place apparently without any strict order. The 
plications of this expanded peripheral area are mere superficial 
ruge, and do not combine into vertical lamellz. In several species 
on each side of a radial ruga of the expanded calycinal surface, a 
row of punctiform, closely approximated pores opens, which are in 
alternating position on the two sides; in perfectly intact surfaces 
these pores seem to be closed; it is only in slightly worn speci- 
mens that they are open circular orifices. 


STROMBODES PENTAGONUS, GOLDFuwss. 
STROMBODES STRIATUS, D’Orbigny. 


Large discoid expansions covered on the lower side with a con- 
centrically wrinkled epitheca, and attached at the central apex. 
Surface of disks composed of irregularly polygonal, shallow calyces 
with an abrupt central depression. Diameter of the calyces very 
variable in different specimens, ranging from one to four centi- 
meters. The steep walls of the inner cell pit are surrounded by 
about thirty stout, crest-like plications, which, reduced to a smaller 
number by coalescence, unite in the centre, and form there a styli- 
form protuberance; or the bottom of the cell remains even while 
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crossed by the carina. On the expanded marginal portion of the 
calyces the plications lose their crest form and are reduced to 
rounded ruge, which, through division or through the implantation 
of new ones between them, multiply to three or four times their 
original number, and have then the form of equal, narrow, linear 
stripes. On both sides of each of these stripes a row of circular 
pores opens with closely crowded orifices alternating in position 
on the opposite sides. In some specimens the inner cell pits are 
surrounded by a monticulose raised rim; in others the surface of 
the calyces is roughened by blisters without a distinct radial stria- 
tion ; these conditions represent the different stages in the growth 
of the coral which it undergoes previous to the deposition of a new 
well-finished calycinal floor. The great difference in the size of 
the calyces of some specimens has induced D’Orbigny to dis- 
tinguish the larger-celled form, as Strombodes striatus, from the 
smaller-celled Strombodes pentagonus of Goldfuss, but it is impossible 
to draw a dividing line between them ; all gradations of sizes, from 
the large to the small forms, can be found associated in the 
same localities, and in structure not the least difference exists be- 
tween them. 

Occurs very abundantly in the Niagara group of Point Detour, 
Drummond’s-Island, etc., and frequently found in the drift. 

Plate XLVIII.—Fig. 1 is a silicified specimen corresponding with. 
Strombodes striatus, D’Orbigny. Fig.2 represents the typical form 
of Goldfuss’s species, Strombodes pentagonus. 

The Niagara group of Kentucky and Indiana incloses an abun- 
dance of specimens, which appear to be in every respect identical 
with the above-described species, but I observe that the interstitial 
layers of vesicles in the specimens from Michigan are always of 
much coarser structure than in the specimens found at Louisville, 
etc. 


SOME ODIES 2eVGiViA Ors ene SP: 


Calyces not defined, composing laminar surfaces dotted with 
abrupt cell pits, about two millimeters in width, and distant from 
each other six or eight millimeters. The broad interstitial surface 
is striate by the diverging radial rugze of the cell cups, which meet: 
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and intermingle with those of the adjoining cells. The radial 
striez are bordered on both sides by a row of circular pores as in 
the former species. In the centre of the pits the uniting radial 
crests form a small styliform projection. 

Found in association with the other species in the Niagara group 
of Drummond’s Island and of Point Detour. 

Plate XLVIII.—Fig. 3, silicified specimen from Point Detour, 
Lake Huron. 


STROMBODES MAMILLATUS, D. DALE OWEN. 


Centre of calyces rising from a common interstitial surface as 
high, mamiform cones, excavated at the top by a crater-like, ra- 
diated pit. The radial rugze extend over the surface of the cones 
and across the interstitial surface from one cell into the other,’ 
as narrow, equal-sized bands of granulose surface. In the interstices 
between these bands distant depressions can be noticed, but noth- 
ing similar to the rows of circular pores bordering the ruge of the 
Gederespeciess (lhe centre, of the cell) pitsiis formed) by a small 
styliform projection. General structure as in the other species; 
composed of alternating layers of well-finished cup membranes, 
and of strata of vesicles. The size of the mamiform cones and 
their relative distance differ in various specimens. Width of cell 
pits from four to five millimeters. Distance from centre to centre 
from one to two centimeters. . Found in the Niagara group of 
Drummond’s Island; it is also common in the same formation in’ 
Iowa, Kentucky, Indiana, etc. 

Plate XLVIII.—Fig. 4, silicified specimen form Point Detour.’ 


SiROMBODES Ac Rie Ni EIN SIS i iNie SPs 


Massive horizontal expansions, covered on the lower side by an 
epithecal crust. Surface formed of shallow calyces, deepening in’ 
the centre into a mofe abrupt pit. The calyces are confluent, or 
imperfectly defined from each other by tent-shaped, obtuse ridges 
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circumscribing irregularly polygonal spaces. Radial plications from 
thirty to forty, linear, crest-like in the circumference of the inner 
pits, and uniting in the centre into a twisted knot or without form- 
ing any protuberance. The crest-like plications, while diverging 
across the expanded peripheral cup margins, gradually widen into 
convex bands, separated by narrow linear furrows ; their surface is 
ornamented with densely crowded granulations. The diameter of 
the calyces is very unequal in the same specimens; some of them 
are three centimeters wide, others only one. The internal sttuc- 
ture of the specimens I could never distinctly observe; all the 
specimens are transformed into a solid white amorphous mass of 
carbonate of lime, resembling ivory or porcelain in a fracture, 
while other corals associated with them had their most delicate 
details of structure perfectly preserved, excepting one other here- 
tofore described (Chonophyllum ponderosum), which is found in 
similarly solidified condition. 

It is found in the light-colored limestones of the Hamilton 
croup, forming the lowest beds in the quarries of Phelps’ lime- 
kilns, near Alpena, and in a similar rock near Broadwell’s mills, on 
Thunder Bay River. 

Plate XX XVIII.—Fig. 1 is a calcified specimen from Broadwell’s 
mills, in natural size. 

In the Hamilton group of Rockford, Iowa, a coral is found 
which bears an almost perfect similarity to the form just described, 
exhibiting a well-preserved structure, consisting of membraniform 
layers of confluent radiated cell cups, interlaminated with strata of 
coarse, blister-like vesicles, entirely conformable with the structure 
of a Strombodes from the Niagara group. The lamellze unite in 
the depressed central pits ina low obtuse boss. Mr. Hall has 
described this coral under the name of Smithia Johnnai, and 
another similarly built form as Smithia multiradiata, but they 
differ altogether in structure from the genus Smithia, or, what 
I consider as the same thing, from Phillipsastrzea. The latter 
genus has the structure of the usual forms of the compound 
Cyathophylla, differing from them only by the absence of walls 
separating the single cell cups, while the specimens under consider- 
ation are built according to the plan of Strombodes; and, guided 
by perfect external similarity, I also identify the structureless 
specimens found in Michigan, with Strombodes. 
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WOE SMCS LAIRIUA. Na. (Gaanre: 


Compound polyparia formed of a superimposed series of calycinal 
cups, of coarsely blistered surface, which in vertical sections appear 
as a uniform succession of layers of large, unequal, vesiculose 
plates, perfectly resembling a vertical section through a Cysti- 
phyllum. These blistered calycinal membranous layers are radiated 
by plications, which are linear low crests in the circumference of 
an inner, broad, shallow cell pit, the bottom of which is occupied by 
a flat diaphragm, over which the crests converge toward the centre, 
gradually vanishing. The margins of the cells are broad, expanded, 
and confluent with each other, without demarkation. The radial 
plications lose, in their divergence across them, the crested form, 
and expand into flattened, gradually widening bands, as in Chono- 
phyllum. 

The crest-like portion of the plications in the circumference of 
the inner cell pit forms, by combination with the invaginated series 
of cups, a narrow cycle of vertical crests surrounding an inner core 
formed of diaphragms. In the outer area no trace of continuous 
vertical leaves is noticeable. Vesicularia is closely related with 
Strombodes ; it differs from it in its broad calycinal bottoms having 
the shape of diaphragms, and in a prevailing disposition of all the 
calycinal layers to a vesiculose blistered structure, which in the 
other genus is only periodically so, and alternates with homogene- 
ously formed laminar layers of more highly finished surface. From 
Chonophyllum it is likewise distinguished by the vesiculose struc- 
ture of the superimposed cup walls; from Cystiphyllum it only 
differs in having a compound mode of growth with confluent cells. 


WMESIGCURAKTAY MATOR, SNe YSe: 


Discoid expansions formed of large confluent polyp cells. Calyces 
shallow, explanate, with a broad, dish-shaped central pit, the bot- 
tom of which is formed by a flat diaphragm. Radial plications 
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linear, crest-shaped in the circumference of the inner pit, and ex- 
tending over the surface of the diaphragms, gradually vanishing 
near the centre. In their divergence across the expanded margi- 
nal parts, the plications lose the crest form and dilate into low, 
rounded, gradually widening ruge with intermediate linear fur- 
rows. The surface of the expanded parts of the calyces is raised 
into blisters, locally densely crowded, and obscuring the radial folds ; 
in other parts singly dispersed. The central diaphragms are sim- 
ple and not blistered. In vertical sections the polyparia fully re- 
semble a Cystiphyllum, being composed of layers of coarse, un- 
equal, interlaced vesicles. The calyces attain in some specimens a 
diameter of from three to four inches. Found in the Niagara 
group, at Point Detour, and on Drummond’s Island. 

Plate XLIX., right-hand figure, upper row.—In the Niagara 
group of Masonville, lowa, another species of more minutely vesic- 
ulose structure occurs, which I have named Vesicularia minor, and 
represented, for sake of comparison, on the same plate with the 
other. The plications are very delicate, ornamented with spinulose 
projections ; the cell pits, scarcely depressed, are only perceptible 
by the convergence of the plications toward certain centres. Un- 
der side of the expansions covered by a concentrically wrinkled 
epitheca, with radiciform excrescences for attachment to foreign 
bodies. Associated with these compound specimens are single 
polyp cells of the same vesiculose structure, which connect the 
compound forms so closely with Cystiphyllum, that it would have 
been more appropriate, perhaps, instead of establishing a new sub- 
genus Veszcularia, to change Milne-Edwards’ original definition of 
Cystiphyllum so as to include the compound forms with con- 
fluent cell cups. 


VESICUMAKTA WENRTOROS Sine or: 


Confluent calyces forming mamiform monticules, truncate by 
abrupt but shallow cell pits, the bottoms of which are formed by 
flat diaphragms with marginal depressions indicating the principal 
septal fascicles. Distance from centre to centre of the monticulose 
calyces about two centimeters ; diameter of terminal cell pits about 
five millimeters. Calyces surrounded by about thirty plications, 
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having the form of low crests in the inner circumference of the pits, 
but of rounded rugose form in their extension across the interstices, 
and on the sloping sides of the monticules. The surface of the 
polyparia is generally raised into irregular large blisters, which 
impair the distinctness and continuity of the radial plications. In 
vertical sections layers of interlaced coarse vesicles are found to 
constitute the whole polyparium. 

Occurs in the Niagara group of Point Detour, and also in Iowa 
localities. This form is easily mistaken for Strombodes mamillatus, 
Owen, which occurs in its association. The well-developed flat 
diaphragms and entirely vesiculose structure distinguish it, how- 
ever, from the latter. 7 

Plate XLIX.—Fig. 4 representsa surface view of a silicified spec- 
imen from Point Detour. 


CYSTIPHYLLUM, MILNE-EDWARDsS. 


Simple or loosely aggregated polyp cells, of conical or cylindrical 
form, enveloped by an epithecal wall, composed of an invaginated 
series of cell cups of compound vesiculose structure, and radi- 
ated by plications. The plications are either crest-like within the 
ascending part of the calyces, and dilating into flattened broader 
ruge toward the peripheral margins, or are represented merely by 
superficial linear strize or rows of spinules; they often become totally 
obsolete, and the surface of the calyces appears simply blistered, 
without any visible radiation; in no case do the plications com- 
bine into vertical laminz pervading the whole length of the coral- 
lum. The arrangement of the plications into four principal fas- 
cicles is in some of the specimens very distinct. The inner area 
of the polyp cells is rarely intersected by transverse diaphragms ; 
generally the central vesicles are somewhat coarser than the 
peripheral ones, but without demarkation between the bottom part 
of the calyces and the sides as in Cyathophyllum. The exterior 
epithecal wall is in many specimens longitudinally ribbed by well- 
pronounced septal striz, while the vesiculose internal surface of 
the calyces may exhibit but very indistinct radial plications. 
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CYSTIPHYLLUM NIAGARENSE. 
CONOPHYLLUM NIAGARENSE, Hall. 


Conical polyp cells attached to other bodies at the base, and by 
additional root-like prolongations from the sides. Stems elongated, 
subcylindrical, or shorter turbinate, annulated by superficial con- 
strictions with tortuous flexions, or by periodical total interruptions 
in the growth of a calyx, and the formation of a new cell from 
within. The calyces are moderately deep, uniformly spreading 
from an obtusely angustated bottom; margins erect ; their surface 
is blistered, and is radially striate by spinulose crests, developed in 
some specimens with more distinctness than in others. The sur- 
face of the polyp stems in well-preserved condition is longitudinally 
ribbed by septal strize, but it often happens that the outer walls 
are destroyed, and that the stems are of rough exfoliated aspect, 
exhibiting the concave side of the blisters composing the cell cups, 
and the free edges of the single invaginated cups composing the 
stems. 

Found in the Niagara group of Drummond’s Island, at Point 
Detour ; likewise in the Niagara group of Kentucky, lowa, and 
Indiana. 

Plate XLIX.—Fig. 3 represents several silicified specimens of 
shorter turbinate and of more elongate tortuous form. The upper 
right-hand and the lower left-hand specimens are found at Drum- 
mond’s Island; the other two at Masonville, Iowa. 


CYSTIPHYLLUM AMERICANUM, MILNE-EDWARDS. 


Single polyparia, surrounded bya perfect, concentrically wrinkled 
epithecal wall, of conical, or, in the progress of growth, of horn- 
shaped, curved, or straight cylindrical form. Dimensions of stems 
very variable, from one to two inches in diameter, and in specimens 
of cylindrical growth not unfrequently over one foot in length ; 
other specimens have a much shorter turbinate form. Calyces 
moderately deep, with explanate margins, equally tapering toward 
the bottom, which is generally occupied by a few irregular blis- 
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ters. The ascending calyx walls are sometimes only slightly blis- 
tered, and folded into stout radial ruge. In other specimens the 
rugee are obsolete and the blisters principally obvious. <A great 
many variations in mode of growth, in the relative size of the 
vesicles, and in distinctness of plications, can be observed among 
the numerous specimens found in the Helderberg group and in 
the Hamilton strata, which, upon closer investigation, may require 
to be separated into different species, but for the present IJ have 
not discovered any well-established characters upon which such a 
division could be based. 

It occurs nearly in every stratum of the upper Helderberg group 
and of the Hamilton group in Michigan, Canada, New York, and 
in the Western States. 

Plate L., Upper tier.—The outer left-hand specimen is from the 
Hamilton group near Broadwell’s mills, on Thunder Bay River ; 
the two other specimens are from the Hamilton group of Widder, 
C.W. The right-hand figure (Fig. 4) in the lower tier represents 
silicified specimens from the corniferous limestone found in the 
drift. 


CYSTIPHYLLUM AGGREGATUM, BILLINGs. 


Conico-cylindrical polyparia, closely aggregated, and attached 
to each other by the wrinkles of their surface, multiplying by 
calycinal gemmation. Diameter of stems from two to three centi- 
meters. Structure conformable with Cystiphyllum ; vesicles coarse ; 
end cups moderately excavated, blistered, with faint, spinulose, 
radiating striz. Epithecal walls likewise faintly ribbed by septal 
ruge. Found in large clusters in the Hamilton group of Thunder 
Bay. Not figured.. 


CSTV a OBE SiON CAIN es BIGHICLINGS: 


Symmetrically curved, conical polyparia with a pointed apex. 
Surface gently annulated by obtuse wrinkles of growth. Calyces 
spacious, oblique to the axis, with erect acute margins. The sur- 
face of the calyces generally forms a continuous laminar bag with- 
out a blistered surface ; the marginal part of the cups is radiated 
by rounded ruge, broadest near the edges of the cups, narrowing 
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and almost vanishing near the bottom. The arrangement of the 
plications into four fascicles with intermediate gaps is in this 
species particularly plain, and the apertural gap situated in the 
centre of the large curvature of the horn-shaped cells is the largest. 
In vertical sections the structure is found to be perfectly con- 
formable with Cystiphyllum, composed of incased vesiculose cups. 
There are two varieties: in one the plications expand toward the 
margin of the cups into broad bands decorated with granulations ; 
in the other form the plice split toward the margin into narrower 
fine striz. ‘The latter variety, which has also less obliquely erect 
cups, is found in the upper Helderberg limestones of the Falls of 
the Ohio ; the other is found in the drift of Ann Arbor, on Mackinac 
Island, and in the corniferous limestone of Port Colborne, in 
Canada. 

Plate L., Lower tier—The left-hand figure (Fig. 3) represents 
silicified specimens from Port Colborne. Various other forms of the 
genus Cystiphyllum occur at the Falls of the Ohio, and at Colum- 
bus, Ohio, which I omit to describe, as not found in Michigan. 


ZAPHRENTIS, RAFINESQUE. 
Inclusive of STREPTELASMA, Hall, as a sub-generic form. 


Simple conical polyparia, composed ofa series of invaginated, 
radially plicated cell cups. The superimposed cell cups are with 
their side walls so intimately united, that no interstice is left be- 
tween them, and all combine into one simple compact wall folded 
into laminar plications. The interstices between the plications 
are, within the terminal cups, free and open throughout. The 
plications of all the incased cups are connected into continuous, 
strong vertical leaves intersecting the whole length of the corallum. 
The bottom part of each cup remains free, and is separated from 
the subjacent one by a small interstice.. It appears in vertical sec- 
tions through the corallum as a transverse laminar diaphragm. 
These superimposed diaphragms extend from wall to wall; their 
peripheral margins are deflected and connect with the outer wall at 
an acute, downwardly directed angle. The interlamellar interstices, 
which are open in the end cell, become, below its bottom, in- 
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tersected by the diaphragms, and are divided into coarse cellulose 
chambers, which must not be confused with the smaller interstitial 
cell spaces of the outer area ina Cyathophyllum. The latter are 
formed by rows of small vesiculose plates traversing the inter- 
stices in arches, ascending from the inner circumference of the dia- 
phragms to the outer walls of the polyparium, within the end cup 
as well as below it. The transverse interstitial plates which make 
part of the diaphragms invariably approach the outer walls in a 
downwardly instead of an upwardly directed curve. The arrange- 
ment of the lamellz into four fascicles is, in Zaphrentis, generally 
well marked, and a largely developed septal fovea in the interstice 
between the two apertural fascicles is considered as the leading dis- 
tinctive character of the genus Zaphrentis. 

The importance of the development of a septal fovea in Cyatho- 
phylloid corals has been unreasonably overestimated by Milne- 
Edwards. In his work on palewozoic corals, he describes twenty- 
nine species of Zaphrentis, simply guided by the presence of a large 
septal fovea, in disregard of other structural peculiarities. Fully 
half of these forms, named Zaphrentis, have not the structure of 
Zaphrentis, and belong to the true Cyathophylla, by reason of the 
development of transverse vesiculose plates in the interlamellar 
interstices of the end cups, which, as has been stated before, never 
occur in the interstices of the lamellz of a Zaphrentis. As ex- 
amples of Cyathophylla, so misplaced, I mention Zaphrentis 
cornicula, Zaphr. Guerangeri, Zaphr. excavata, Zaphr. Michelini, 
etc. The genus Streptelasma, of Hall, and his Polydilasma, which 
I consider as the same thing, differ from Zaphrentis merely in hav- 
ing a less conspicuous, or, sometimes, almost obsolete develop- 
ment of a septal fovea, and in the irregular entanglement of its 
radial lamellz in the centre, constituting, in combination with the 
intersected diaphragms, a spongioso-cellulose pseudo-columella ; or, 
at least, the regularity of the diaphragms in the centre is obscured 
by their multiple labyrinthical intersection with the vertical leaves. 
A strict distinction of the two genera is not possible ; some forms 
of this group could with the same propriety be placed in one.as 
in the other. 

The Cyathophylloid corals of the lower Silurian strata generally 
have the structure of Streptelasma, and, considering Streptelasma 
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as a subgenus of Zaphrentis, I begin with the description of its 
species first as being the oldest ones of the type, and let those of 
Zaphrentis follow them. 


SURE PRELAS AMC OR NICUMUNE Arar Ty 


The original specimens represented and described by Hall, from 
the Trenton strata of New York, are too imperfect to allow much 
more than recognition of the general structure. Similar and no 
better preserved specimens are found in the Trenton strata of 
Escanaba River, and on St. Joseph’s Island and Sulphur Island, 
situated north of the other. I have represented them on Plate LI., 
the four left-hand figures in the upper row; the upper larger 
specimen is from the lower Trenton strata of Escanaba; the three 
lower specimens are from somewhat higher beds on Sulphur Island. 

It is doubtful whether the specimens described under the same 
name by Milne-Edwards, from the Hudson River group, belong to 
the same species; they are found in much better preservation, 
and can therefore be more specifically described. Elongate conical, 
symmetrically curved, horn-shaped corals; middle-sized specimens 
have a diameter of about three centimeters at the calyx margin by 
a length of from seven to eight centimeters, but the proportion 
between length and width of the specimens differs ; some are more 
elongated, others are shorter than the indicated proportions. The 
surface of the polyparia is covered by a perfect epithecal crust, 
with transverse fine wrinkles of growth, and longitudinally striate 
by septal ruge and intermediate furrows. Milne-Edwards asserts 
the cells to be covered by an zmperfectly developed epithecal crust, 
but this is an error. Calyces moderately deep, with erect acute 
margins, steeply inclined side walls, and a variably formed bottom, 
sometimes narrowed into a blunt end; at other times broader, 
rounded, convex in the middle. Lamelle linear, stout, alternately 
larger and smaller, from 120 to 130 in the circumference of calyces, 
three centimeters wide. Their surface is decorated by minute 
granulose ruge, crossing the side faces in an ascending direction 
from the inside toward the periphery. The radial crests become 
labyrinthically entangled in the centre of the cells, and usually form 
a broad convex protuberance. A small septal fovea is always 


PALZONTOLOGY. 143 


noticeable, and sometimes also the lateral septal gaps are well 
marked. In vertical sections the centre of the polyparia is found 
to be intersected by well-developed transverse diaphragms; the 
vertical crests intersecting them divide the interstices between 
them into irregular cell spaces. The apices of the polyparia are 
pointed, and rarely exhibit asmall scar of attachment. Sometimes 
twin cells are found, but this is abnormal. 

Plate LI., Upper tier—The largest specimen is from the Hudson 
River group of Drummond’s Island; the other six, smaller speci- 
mens, were found at Richmond, Indiana, and at Madison. The 
right-hand calyces have broad convex cup bottoms with irregularly 
entangled lamellae; the two upper figures to the left of the larger 
have a well-developed septal fovea, and a narrow, styliform, central” 
protuberance. The lower left-hand specimen is a twin-cell. 


Sik nae ies Vial BeAr ING SP: 
POLYDILASMA, Hall. 


Short conical polyparia, about two centimeters wide at the ex- 
panded calyx margins, by a length of only one or one and a half 
centimeter. Calyx variable in depth in accordance with the more 
elongate or shortened external form of the polyp cells, surrounded 
by from twenty-five to thirty stout lamellar crests, with as many 
smaller intermediate ones, confined only to the marginal portions 
of the calyces. The sides of the lamelle are transversely striate, 
and their edges crenulated. By the convergence of the lamelle 
in the centre, a narrow columellar axis of spongiose structure is 
formed, which on one side is deeply exsinuated by a septal fovea ; 
in very young specimens this axis is a horseshoe-formed erect leaf, 
against the circumference of which the converging lamellz abut; 
the centre of the horseshoe sinus is occupied by a strong lamella. 

Found in the Niagara group of Drummond’s Island and Point 
Detour; also in the Niagara limestones of Iowa, at Masonville. 

Plate XXXIX.—Fig. 1 represents a number of silicified speci- 
mens found at Drummond’s Island. 


24 
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STREPTELASMA CONULUS,. 'N: Sp: 


Straight, conical, small-sized polyparia; the larger ones attain a 
diameter of one centimeter by one and a half in length; surface 
faintly annulated by lines of growth, not ribbed longitudinally as 
in the similar form Streptelasma calycula. Calyces deep, with erect 
margins surrounded by from twenty to twenty-five denticulated 
lamellar crests of larger size, and by as many intermediate rudi- 
mentary ones with likewise dentate edges; the sides of the lamelle 
are ornamented with transverse ruge. The larger lamelle unite 
in the centre, as in the former species, into a horseshoe-formed 
cycle which incloses a narrow core of lacunose, irregularly anasto- 
mosing cell spaces; the aperture of the horseshoe corresponds 
with the principal septal fovea. 

Found associated with the former in the Niagara group of Drum- 
mond’s Island, etc. 

Plate XX X1X.—Fig. 4 represents a number of sited specimens 
from the above-named locality. 


Site bb wASiV As Sh ONG AGS.) Nem oR: 
POLYDILASMA, Hall. 


Small, conical, horn-shaped polyparia, about two centimeters 
wide by three in length in middle-sized specimens. Calyces mod- 
erately deep, with slanting sides and slightly expanding margins, 
surrounded by about thirty stout crests alternating with as many 
intermediate smaller ones. Surface of lamellz decorated with gran- 
ules and transverse ruge. -The lamelle unite in the centre into a 
spongiose axal core, resembling the tissue of a macerated porous 
bone. Septal fovea obscure. The apices of the cells exhibit 
generally a strong sublateral scar of attachment. 

Found associated with the other forms in the Niagara group of 
Drummond’s Island, and at Point Detour; also found at Mason- 
ville, Iowa. 

Plate XX XIX., Fig. 2All the smaller specimens represent the 
usual form as it occurs at Point Detour. The larger specimen is 
from the Niagara group of Paul’s Station, Indiana; it does not 
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seem to differ much from the smaller specimens except by a cen- 
tral compressed cristiform projection similar to the columella of 
Cyathaxonia, which is broken in the represented specimen, but is 
distinctly developed in other specimens found there and at Louis- 
ville. I hesitate therefore to identify the larger specimen with 
the smaller form. The subsequently described species have alla 
well-developed septal fovea, and are considered to represent the 


genus Zaphrentis proper. 


ZAPHRENTIS STOCKESIIJ, MILNE-EDWARDS. 


Symmetrically curved conical polyparia, sometimes elliptical in 
outlines by a compression ina direction transverse to the curva- 
ture. Length of cones about twice the diameter of the calyces, 
which in middle-sized specimens is about four centimeters. Ca- 
lyces moderately deep, with erect margins and a spacious subcon- 
vex bottom, on which the lamelle unite in an irregularly twisted, 
interlacing manner as low carine. Lamelle linear, stout; sixty 
to sixty-five larger ones alternating with aS many small rudimentary 
crests may be counted in the circumference of calyces four centi- 
meters wide. A large septal fovea is situated in the median line 
of the convex side of the curved polyparia. Transverse diaphragms 
well developed ; the crests on the upper side do not connect into 
continuous vertical leaves with those of the succumbent cups; 
the lower side of the diaphragms is generally smooth, not crested 
The external walls of the specimens are rarely preserved in the 
silicified condition, and the excoriated surface is longitudinally 
ribbed by the exposed vertical plications. In some specimens, 
however, the superficial epithecal crust is perfectly preserved. 
Found in the Niagara group of Drummond’s Island, Point Detour, 
and in the same formation at Masonville, Iowa. 

Plate LI., Lower tier—The two largest specimens. The upper 
one, on the left-hand side, is a side view of an excoriated specimen 
from Point Detour. The one on the right-hand side of the plate 
exhibits the bottom of a calyx and the position of the septal 
fovea; the erect marginal parts are broken off. The second figure 
from the left, in the lower tier, is also a young specimen of this 


kind. 


- 
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ZAPHRENTIS UMBONATA, N. Sp. 


Conical, horn-shaped polyparia resembling Zaphr. Stockesii, at- 
taining in some larger specimens a calyx diameter of eight centi- 
meters by twice that in length; the usual size of the specimens 
found is smaller. Calyces spacious, with erect acute margins and 
a broad bottom, which is reversed into a large, laterally compressed, 
prominent cone. The circumference of the larger calyces is sur- 
rounded by about eighty large lamellz, with as many intermediate 
smaller ones; the larger ones unite on the central cone, ascending 
its sides directly or with a spiral twist. A large septal fovea is 
developed in the median line of the larger curved side. In vertical 
sections the invaginated, reversed, conical cell bottoms are observed 
to have grown together with their apices and to form a cellulose, 
pseudo-columella. Found associated with Zaphr. Stockesii in the 
Niagara group of Point Detour and Drummond’s Island. Casts 
of a similar species are common in the Niagara limestones of 
Milwaukee. At Louisville, also, this coral occurs. 

Plate LI., Lower tier.—The upper figure in the centre is one of 
the smaller-sized specimens found on Drummond’s Island ; another 
small specimen is represented in the lower right-hand corner of the 
plate. The central cone is in some specimens much more prom- 
inent than in those given here. In the lower row of the same 
plate the first outer specimen on the left-hand side and the third 
one represent other calyces of a Zaphrentis, conformable in some 
respects with the heretofore described associated forms, but differ- 
ing in the shape of the cell bottom, which in one is formed by a 
large. rounded protuberance, exsinuated on one side by a septal 
fovea, while in the other, evidently only an individual modification 
‘of the former, it is a horseshoe-formed elevated ring with a deeply 
depressed, smooth, central excavation. This form seems to con- 
stitute a different species from the others, but I leave the question 
open for further decision. 


ZAPHRENTIS GIGANTEA, LESUEUR. 


Conico-cylindrical, horn-shaped polyparia, attaining in some speci- 
mens_.a size of two and a half feet in length, by a diameter of three 
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inches. Some enlarge their diameter rapidly to a certain thickness, 
and then grow on ina uniformly cylindrical shape; others are in 
the young state, slender, flexuose, and irregularly constricted stems, 
and grow gradually to larger diameters. The surface of the poly- 
paria is covered by an epitheca with shallow annular wrinkles of 
growth and longitudinally ribbed by septal striz, which, however, 
are not in all specimens equally distinct. Calyces spacious, with 
erect walls, and acute, wedge-like margins ; bottom broad, marginally 
depressed and flat inthe centre. In one place of the circumference 
the diaphragms are more deeply depressed by a septal fovea. 
Radial lamelle stout, linear, alternately long and short, but ap- 
pearing nearly equal on the margins of the calyces, where the sharp 
crested leaves of the inside expand into low rounded ruge. The 
extension of the radial crests toward the centre is subject to varia- 
tions ; in some the central part of the diaphragms remains smooth, 
and the crests are confined to their peripheral circumference ; 
in others the crests reach as low carinze to the centre and become 
irregularly entangled in their convergence, but these central por- 
tions of the crests are merely superficial, and do not intersect the 
diaphragms to form continuous vertical leaves. The number of 
lamellz in calyces of about two and a half inches diameter is 
150 to 160, half of which are of the smaller size. Found in the 
upper Helderberg limestones of Michigan, Canada, Ohio, and in 
the Western States. 

Plate LII. represents specimens of smaller size, found at the 
Falls of the Ohio. 


ZAPHRENTIS PROLIFICA, BILLINcs. 


Conical, irregularly curved polyp cells, obtusely wrinkled by annu- 
lar rugze. Middle-sized specimens about three or four centimeters 
wide at the calyx margin, by a length of from seven to eight centi- 
meters. Calyces deep, spacious, with erect margins. Bottom of 
cells variable ; most frequently its centre is reversed into a laterally 
compressed, more or less prominent cristiform projection, whose 
sides are carinated by the centrally uniting radial crests; in others 
the bottom is uniformiy depressed convex, covered by the en- 
tangled converging ends of the lamellz; sometimes also a flat 
smooth spot is left in the centre of the cell bottom, which merges 
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into a large septal fovea. The septal fovea is, in its position, in- 
dependent from the curvature of the polyp cells, but always repre- 
sents the apertural fovea, whether it be in the median line of the 
curved cells or in lateral position. Lamella about 120 in the cir- 
cumference of calyces three or four centimeters wide, alternately 
large and small. Near the calyx margin the plications have the 
form of low rounded rugze with granulose surface; further inside 
of the calyces the rugze transform into acute, stout, linear crests. 
In vertical sections the superimposed bottoms of the incased cell 
cups appear as large transverse diaphragms joining the outer walls 
with deeply deflected margins. Occurs frequently in the upper 
Helderberg limestones of Michigan, and in the neighboring States 
to the east and west ; is also common in the drift boulders belong- 
ing to the corniferous limestone formation. 

Plate LIII.—The upper row represents various silicified speci- 
mens, partly found in the drift of Ann Arbor, partly from the corni- 
ferous limestone of Port Colborne, C. W. 


ZAPHRENTIS NODULOSA, N. Sp. 


Curved elongato-conical polyparia of somewhat flexuose growth, 
annulated by shallow constrictions and finer transverse wrinkles ; 
vertically striate by septal furrows. The apicical portion of the 
polyp cells is decorated by densely crowded, stout, spinulose projec- 
tions, which gradually vanish on the upper parts of the cells. 
Calyces deep, with erect margins; bottom formed by a narrow, 
almost smooth diaphragm deflected on one side into a large septal 
fovea. The lamellz are sharp linear crests within the calyx; near 
the margins they become low rounded rugz; about seventy in the 
circumference of calyces one inch in diameter, alternately of larger 
and smaller size. The sides of the lamellz are decorated by 
irregular transverse rugze and granulations. 

Not uncommon in the drift of Michigan, in association with 
corniferous limestone fossils; also found in the corniferous strata 
of Canada. 

Plate LV.—The right-hand side small specimen, in the lower 
tier, represents a rather small calyx found in the drift of Ann 
Arbor; other larger specimens dilate more rapidly, and resemble 
in mode of growth Zaphr. prolifica. 
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Zwabboe NTIS i GREGAMRTA, Ni. Sp: 


Short turbinate, somewhat curved polyp cells, of about two inches 
calyx diameter by a length of from one and a half to two anda 
half inches. Surface annulated by sharp transverse wrinkles and 
distinctly ribbed by longitudinal septal furrows. Calyces spacious, 
with broad subplane bottoms, over which the lamellze extend to the 
centres. A large septal fovea generally on the convex curved side. 
Side walls of calyces suberect with acute edges. Found in large 
numbers in the black shaly limestone strata of the lower part of 
the Hamilton group, on the shore of Lake Huron, north of Thunder 
Bay. Not represented. 

Another form of Zaphrentis found inthe Hamilton group of 
Arcona, C. W., may be mentioned here. Some of the specimens 
perfectly resemble Zaphrentis prolifica of the Helderberg group ; 
other larger specimens, externally identical with them, have the 
bottoms of the calyces formed by broad, perfectly naked, flat, or 
somewhat concave diaphragms. They seem to be mere individual 
variations of one and the same type, first represented under the 
form of Zaphr. prolifica. 


Ze nine NGS CONIGEINA INS SP: 
Compare AULOPHYLLUM, Milne-Edwards. 


Long, horn-shaped, conico-cylindrical polyparia, with obtusely 
annulated rugose surface, attaining a size of one foot in length by a 
diameter of one and a half inch. Calyx deep, with erect side 
walls and acute margins, surrounded by about 120 alternately larger 
and smaller lamellze; sharp linear crests in the inside of the calyces, 
lowered into rounded rugze on the margins. The bottom of the 
calyces is reflected and forms a large pointed cone with broad base, 
on which the central ends of the radial crests ascend with a spiral 
twist. Septal fovea comparatively small, irregular in position re- 
garding the curvature of the horn-shaped stems. The central cones 
are the analogon of the transverse diaphragms, which are invagi- 
nated into one another, and become superficially attached by 
their crests, but do not combine into a continuous axal column. 
From an observation of the figures of Clisioph. prolapsum, 
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McCoy, called Aulophyllum by Milne-Edwards, I would suggest 
that a great similarity exists between them and the species under 
consideration ; but Milne-Edwards asserts the development of an 
internal wall separating the inner area from the outer, of which in 
our specimens not the least trace can be observed. Found in the 
upper Helderberg limestones of Mackinac Island, and at the Falls 
of the Ohio. 

Plate XL., Lower tier—The central, shorter, conical specimen 
is from Mackinac Island. The other specimens are from the Falls 
of the Ohio. The latter are silicified; the: first is in calcified 
condition. 


MINI ISIN INS) Jee OGlUvey 
Synon., HELIOPHYLLUM EXIGUUM, Billings. 


Small, conical, oblique polyp cells, encircled by linear constrictions 
and intermediate broader rugee. The curved conules are flattened 
on the longer side and quite convex on the shorter side of the 
curvature. Diameter of calyces one and a half centimeter in 
medium-sized specimens, two and a half in the largest ones; their 
length is about equal to their width, ora little longer. Calyces 
moderately deep, surrounded by about seventy alternately large 
and small lamelle, denticulated at the edges and transversely 
carinated on the sides by granulose ridges. The lamellze are very 
stout, protruding with the convexity of their edges above the 
margin of the outer peripheral walls of the cells. In the median 
line of the flattened longer side of the cells a conspicuous septal 
gap is developed, which extends to the centre, dilating into a small 
horseshoe-formed sinus around which the lamellz are grouped. The 
centre of the septal gap is occupied by a single lamella, which 
directly connects with another coming from the opposite side. 
The lamellze on both sides of the septal gap unite at their central 
ends in semi-pennate fascicles. 

The interlamellar interstices are all free and open, whereby this 
form proves itself positively distinct from Cyathophyllum or 
Heliophyllum, under which name it has been described by Billings. 

Occurs in the upper Helderberg limestones of Mackinac, and in 
the drift, associated with corniferous limestone fossils; it is also 
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found in rare cases in the Hamilton group, at Broadwell’s mills, on 
Thunder Bay River, while in the corniferous limestone of Canada, 
and at the Falls of the Ohio, it is quite common. 

Plate LIII., Lower tier.—The six specimens in two vertical rows 
on the left side of the plate, and the lower one in the central 
row. ‘The middle specimen in the second row is a calcified speci- 
men from Mackinac; the next specimen below and the one in the 
central row are specimens from Crab Orchard, Kentucky. Of the 
remainder of the group, the two large specimens are found in the 
drift of Ann Arbor; the two smaller ones are from the Falls of 


the Ohio. 


ZAPHRENTIS UNGULA, N. Sp. 


Conical, transversely compressed, and, in the direction of the 
compression, curved polyp cells, more flattened on the convex 
side of the curvature than on the opposite. Surface annulated by 
linear constrictions, with intermediate, broad, rounded ruge; apex 
of polyparia pointed. Calyces moderately deep, gently expanded 
near the margins, gradually narrowing into an obtuse, transverse, 
central pit, which is joined by a septal fovea, situated in the me- 
dian line of the flattened broader side. Lamelle stout, subequal 
near the margins, but alternately long and short; the longer ones 
extend nearly to the centre; the bottom of the small central pit is 
usually free of crests. Dimensions of polyparia from two to three 
centimeters in transverse calyx diameter by a little more than half 
that measure in the opposite direction, and in length exceeding the 
greater width by about one fourth. Number of lamelle in medium- 
sized specimens, about 90; in larger ones, 100. Found in the upper 
Helderberg group, at the Falls of the Ohio, and rarely in the 
drift of Michigan in silicified condition. . 

Plate LIII., Lower tier.—The two right-hand specimens; the 
lower one is about the largest size found. 


MeN TS COMPRESS Na SP. 


Conical compressed polyp cells, straight, or curved in the direc- 
tion of the narrow side. Large specimens have a calyx diameter 
of about eight centimeters in one direction, and four in the other, 
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by a length of one decimeter. Calyces of that size are surrounded 
by 170 or 180 alternately small and large lamella, which are, within 
the cups, sharp linear crests, but become lower rounded rugz on 
the margins of the cup walls. End cups deep, with erect, acute 
margins, of the shape of elongated troughs, gradually diminishing 
into a narrow bottom, one side of which is deeply depressed by a 
septal fovea situated on the median line of the longer diameter of 
the compressed calyces. The degree of compression is not in all 
specimens equally strong; some are very nearly flattened on the 
compressed sides, while others have a convex oval circumference. 
The surface of the polyparia is annulated by irregular rounded ruge. 

Found in the upper Helderberg limestones of the Falls of the 
Ohio. It resembles the former species, but is much larger, and is 
easily distinguished by the position of its septal fovea, which is on 
the narrow side, while that of the previous form is in the centre of 
the broader side. 

Plate LIII., Lower tier—The upper second figure from the 
right-hand side. I consider it desirable to give a figure and descrip- 
tion of this form, not found in Michigan up to the present date, 
but in all probability to be discovered some day by industrious 
collectors. 

Various other species of Zaphrentis, partly already known and 
described (Zaphrentis Rafinesqui, Milne-Edwards), partly new 
forms, are omitted from this report, as not found within the bound- 
aries of the State of Michigan. 


ZAPHRENTIS SPINULOSA (?) MILNE-EDWARDS. 


Symmetrically curved, conical polyp cells, attaining a length of six 
centimeters by a calyx diameter of three centimeters. Calyces 
deep, with erect margins, surrounded by about forty-five stout 
lamellz, and as many rudimentary intermediate folds near the 
margins of the calyces. A large septal fovea is developed on the 
concave side of the horn-shaped cells, and besides the two lateral sep- 
tal gaps, are generally well marked in the specimens. The surface 
of the polyp cells is annulated by rings of growth, and the basal 
portion is decorated by stout spinules similar to those of Zaphr. 
spinulosa, Milne-Edwards. I have not seen any of the Western 
specimens with sufficiently well-preserved open calyces to enable 
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me to establish their exact identification with the Michigan speci- 
mens. 

Occurs in the carboniferous limestones of Saginaw Bay, on Point 
aux Grees, and on Charity Islands; likewise in the limestones of 
Bellevue, Eaton Co. 

Plate LV., Lower tier—The upper four central figures and the 
larger calyx to the left of them represent specimens found at 
Bellevue, Michigan. 


AMPLEXUS, SOWERBY. 


I can not find an appreciable difference between the genera 
Amplexus and Zaphrentis ; both have the same generai structure. 
The radial plications in Amplexus are said to be confined to the 
marginal parts of the polyp stems, and not to extend far across the 
‘central area, principally built up of transverse diaphragms. But it is 
not uncommon to see, in so-called specimens of Amplexus, the 
radial crests extending to the centre of the diaphragms, under the 
form of low superficial caring. On the other hand, it is equally 
common to notice genuine Zaphrentis forms in which the radial 
crests are confined to a peripheral cycle, and do not reach to the 
centre. 

Amplexus generally grows in elongate cylindrical stems, while 
Zaphrentis has more of a conical mode of growth, but this is also 
a very vague difference; Zaphrentis frequently grows likewise in 
cylindrical stems, and among the associated forms of Zaphrentis 
gigantea, Zaphr. Rafinesqui, and Amplexus Yandelli, such a simi- 
larity in structure exists that fragments of stems of the three species 
are never distinguishable from each other with perfect security 
from mistakes. In some forms of Amplexus the septal fovea 
becomes obsolete, and in polyp stems where a septal fovea exists 
it is not as well marked in one part as in another. The genus 
Calophyllum, Dana, has been created to include these forms de- 
prived of a septal fovea, but I consider such distinction superfluous. 


AMPLEXUS SHUMARDI. 
Synon., CYATHOPH. SHUMARDI, Milne-Edwards. 


Articulated cylindrical polyp stems, composed of a succession of 


154 LOWER PENINSULA. 


subconical segments, formed by periodical interruptions in the 
growth of the calyces, resulting in the closure of the marginal parts 
of the old cells by a continuation of the epithecal wall, and a re- 
newed growth of a cell, having a narrower basis, from the inner 
circumference of the old one, until after a while a new contraction 
occurs. The surface of the stems is delicately cancellated by the 
intersection of the longitudinal septal rugze with annular striz of 
growth. The basal joint of the stems is of conical growth and ex- 
hibits a strong scar for attachment at the apex. The stems are 
composed of a cycle of vertical crests projecting from the wall into 
the cavity, and of aseries of superimposed diaphragms intersecting 
the cavity of the stems and extending from wall to wall, joining it 
with strongly deflected margins, and only intersected by the vertical 
crests in the outer circumference. The end cells, which are gen- 
erally only preserved in small young specimens, are of a dilated fun- 
nel shape, surrounded by from sixty to seventy alternately large 
and small lamellze, with granulose surface and denticulated edges. 
The bottom of the calyces is generally formed by a smooth dia- 
phragm, but sometimes the crests of the circumference extend over 
their surface to the centre as low superficial carinze. The lamellz 
lose their linear crested form on the edges of the calyces, where 
they expand into low rounded rugze. On one side of the calyx the 
diaphragms are deeply depressed by a septal fovea, but the latter 
is not in all parts of the stems equally distinct, and becomes not 
unfrequently obsolete for a while. The average diameter of the 
stems is from two to three centimeters; the length of the joints 
varies from one to two centimeters. 

Found in the Niagara group of Point Detour and Drummond's 
Island ; at Masonville, lowa; in Perry Co., Tennessee, etc. 

Plate LIV., Upper tier.—The outer figure on the right-hand side 
of the plate is a stem from the original locality from which the 
species was first described (Perry Co., Tennessee); the three next 
fragments to the left of it are from the Niagara group of Drum- 
mond’s Island; the other figures on the left are specimens from 
Masonville, Iowa. I find it strange that Milne-Edwards should 
connect this form with the genus Cyathophyllum, which has the 
most characteristic structure of an Amplexus. 
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AMPLEXUS YANDELLI, MILNE-EDWARDs. 


Conico-cylindrical flexuose stems, from two to four centimeters 
in diameter, annulated by fine wrinkles of growth with intermediate 
coarser rugze, and frequently of a jointed structure through peri- 
odical constrictions of the calyces and continued growth of the 
stem without interruption of the continuity of the epithecal wall. 
Calyces deep, with erect margins, surrounded by about sixty alter- 
nately large and small vertical crests. The bottom of the calyces is 
formed by flat or warped diaphragms, depressed on one side by a 
deep septal fovea. The lamelle are restricted to the outer circum- 
ference of the diaphragms, but sometimes they extend to the 
centre as superficial ridges. 

Occurs in the corniferous limestone of Indiana, Kentucky, Canada, 
and is found in the drift deposits of Michigan. Some cylindrical 
stems, which evidently belong to the juvenile specimens of Za- 
phrentis gigantea, are so closely resembling Ampl. Yandelli, that 
I always find difficulty in distinguishing them. 

Plate LIV., Lower tier—The right-hand specimen is found in 
the drift of Ann Arbor; the others are from the Falls of the Ohio. 
The outer specimen on the left-hand side of the plate resembles 
considerably the basal portion of Zaphrentis gigantea. See Plate 
LII., base of large specimen. 
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NOTE. 


THE figures of the plates could not be numbered without great inconvenience 
to the printer, on which account I have adopted a rule applying to all, which 
I think will serve the purpose. 

In all the text references the upper right-hand figure is 1; the upper left-hand 
figure is 2; the lower left-hand figure is 3, and the lower right-hand, 4. Some 
plates. have several figures on each of their two or four principal divisions. In 
these cases, to save the reader from mistakes and confusion, I have been very ex- 


plicit in my descriptions, in indicating the particular figure referred to. 
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Fig. 1. HELIOLITES INTERSTINCTUS. Louisville, Niagara group. 
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pyriformis. Drummond’s Island, Niagara group. 
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megastoma. 


subtubulatus. Upper specimen from Iowa; lower from 
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Drummond’s Island. 
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Figs. 1 and 2. LYELLIA AMERICANA. Point Detour, Niagara group. 


papillata. Point Detour, Niagara group. 


A. —— parvituba. Louisville, Ky. 
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Fig. 1. LYELLIA DECIPIENS. Point Detour, Niagara group. 
2. PLASMOPORA FOLLIS. Upper figures, Niagara group, Indiana. 
elegans. Lower figures, Niagara group, Indiana. 

‘Figs. 3 and 4. HoucHtToniA Huronics. Hudson River group, Drummond’s 


Island. 


All Favosires FAvosus, from Drummond’s Island, Niagara group. ee 
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Fig. 1. FAvosrres NIAGARENSIS. Point Detour, Niagara group. 
2. ——— favosus. Smallest variety. Drummond’s Island. 
3. — venustus. Drummond’s Island, Niagara group. 
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All figures FAVOSITES HEMISPHERICUS. Devonian. 
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Figs. rand 2. FaAvosires EMmonsit. Upper Helderberg group. 


3 and 4. — Hamiltonensis. Hamilton group, Michigan. 


ee 


/ 


PLATE 


Wei wa 


ger 


fish they } 


tira ; 
RPL hae cae 


. 
iY 
wou 
© Oy 
» 
eft’ 
re 


f 


PLAT Boy it aug ee 


Figs. 1, 2, and 3. FAVOSITES EPIDERMATUS. Corniferous limestone. 


J . . 2 . 
Canadensis. Corniferous limestone. 
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Figs. 1 and 2. 


3 and 4. 
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FAVOSITES TUBEROSUS. Corniferous limestone. 


Winchelli. Corniferous limestone 
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Fig. 1. FAVOSITES RADIATUS. Hamilton group. 
2. — _ hemisphericus. Helderberg group. 
3. —  limitaris—Casts. 


4. —— _§intertextus—Casts. 
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Figs. 1 and 2. FAVOSITES PLACENTA. Hamilton group, Widder. 


Inne, 3}. ee oa Thunder Bay. 


4. — nitella. a Little Traverse Bay. 
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All figures FAVOSITES RADICIFORMIS. Helderberg and Hamilton groups. 
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All figures FAVOSITES CLAUSUS. 


Helderberg group and Hamilton group. 


A 


RL ae ONg 


[eres IP ride DW, 


Figs. 1 and 2. FAVOSITES INTERTEXTUS. Corniferous limestone. 
Fig. 3. —-— Canadensis. 


Group 4. FAVOSITES DIGITATUS. 
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Fig. 1. ALVEOLITES NIAGARENSIS. Drift. Michigan. 


2. —— Point Detour, Niagara group. 
3. — _ squamosus. Found in the drift. 
4. Caps of tubes. Drift. 
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Fig. 1. CLADOPORA LICHENOIDES. Falls of Ohio. 


4. 


Caps found in the drift. 
2. ALVEOLITES GoLDFussIl. Hamilton group, Widder. 


3. 


vallorum. Drift of Lake Superior. 
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alee EXONS ale 
LIMARIA CRASSA. Niagara group, Point of Barques, Lower Michigan. 
laminata. Niagara group, Point Detour. 


. CLADOPORA LAQUEATA. Niagara group, Seul Choix. 


ALVEOLITES SUBRAMOSUS. Hamilton group Thunder Bay. 
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Fig. 1. CLADOPORA FIsHERI. Hamilton group drift. 


|——— Hamilton group, Widder. 


rate 


— turgida. Corniferous limestone drift. 


— — Canadensis. Hamilton group, Widder. 
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Figs. r and 2. CLADOPORA CRYPTODENS. Corniferous limestone, Falls of Ohio. 
Fig. 3: —— Roemeri. Hamilton group, Widder. 


A. ——— Alpenensis. Hamilton group, Alpena. 
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Figs. r and 2. CLADOPORA ROBUSTA. Corniferous limestone, Falls of the Ohio. 
Lower tier, two right-hand specimens, CLADOPORA IMBRICATA. Falls of the Ohio. 
Small upper specimen in the centre, CLADOPORA ASPERA. Falls of the Ohio. 
Three specimens on left side, various forms of CLADOPORA EXPATIATA. Falls 
of the Ohio. 
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Fig. 1. DENDROPORA ORNATA. Hamilton group, Darien. 
2. —  elegantula. Hamilton group, Widder. 
3. STRIATOPORA CAVERNOSA. Corniferous limestone drift. 
4. DENDROPORA NEGLECTA. Corniferous limestone drift. 
5. STRIATOPORA LINN&/ANA. Hamilton group, Thunder Bay and Widder. 
6, Supposed variety of the same species. Corniferous limestone, Falls of the 


Ohio. 
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Fig. 1. Upper specimen, DENDROPORA ALTERNANS. Hamilton group, Thunder 
Bay, 
Specimen at the base, DENDROPORA RETICULATA. Hamilton group, Par- 
tridge Point. 
2. Upper specimen, STRIATOPORA HuRONENSIs. Niagara group, Point Detour. 
Lower left-hand specimen, STRIATOPORA RUGOSA. Hamilton group, 
Thunder Bay 
Lower right-hand specimen, DENDROPORA ORNATA, juvenile specimen. 
Thunder Bay, Hamilton group. 
3. Upper group of specimens, VERMIPORA FASCICULATA. Corniferous lime- 
stone and Hamilton group. Magnified 2 diameters. 
Lowe1 three stems, VERMIPORA NIAGARENSIS. Niagara group, Iowa. 
Magnified 2 diameters. 
4. Upper row of stems, DENDROPORA RETICULATA. Magnified 2 diameters. 
Thunder Bay. 


Lower group of stems, DENDROPORA™ PROBOSCIDALIS. Hamilton group, 
Thunder Bay 
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Fig. 1. THECIA MAjor. Niagara group, Charleston Landing. 


2. SS Point of Barques. 
3. ——— minor. es Louisville. 
4. ramosa. Helderberg group, Falls of the Ohio. 
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Figs. 1 and 2. MICHELINIA CONVEXA. Helderberg group, Port Colborne. 


3and4. —— cylindrica. Helderberg group, Falls of the Ohio. 
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Figs. 1, 2, and 3. MICHELINIA INSIGNIS. Hamilton group, Thunder Bay, and 
Fig. 1. Helderberg group, Louisville. 


Fig. 4. MICHELINIA FAVOSITOIDEA. Helderberg group, Port Colborne. 
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Fig. 1. COLUMNARIA STELLATA. Niagara group, Point Detour. 
2. FAVOSITES OBLIQUUS. Niagara group, Point Detour. 


Figs. 3 and 4. MICHELINIA CLAppPiI. Corniferous limestone, Port Colborne. 
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Figs, 1, 2, and 4. Varieties of HALYSITES CATENULATUS, Niagara group, Point 
Detour. 


Fig. 3. HALysrres compacrus. Niagara group, Epoufette Point. 
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Figs. t and 2. SYRINGOPORA VERTICILLATA, Niagara group, Point Detour. 
Fig. 3. SYRINGOPORA FIBRATA. Niagara group, Drummond’s Island. 


4. — tenella. Niagara group drift. 
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Figs. 1 and 2 SyRINGOPORA MAcLURE!. Corniferous limestone drift. Basal 
expansion of Syringopora perelegans on the left lower corner of 

Fig. 2. 
3 and 4. SYRINGOPORA PERELEGANS. Corniferous limestone, Falls of the 


Ohio. 
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Upper tier, the two specimens above, SYRINGOPORA TABULATA, from the Falls of 
the Ohio. 
Three lower specimens, SYRINGOPORA HISINGERI. Corniferous limestone 
drift. 
Lower tier, left-hand specimens, SYRINGOPORA ANNULATA. Niagara group drift. 
Central and right-hand specimens, SYRINGOPORA NOBILIS; the first from 
Hamilton group of Thunder Bay, the other from the corniferous lime- 


stone drift. 
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Fig. 1. AULOPORA CONFERTA. Hamilton group, Little Traverse Bay. 
2 = 


serpens. be é 
3. QUENSTEDTIA UMBELLIFERA. Corniferous limestone drift. 
4. Upper specimen, AULOPORA ERECTA. Hamilton group, Thunder Bay. 
Lower right hand specimen, CANNAPORA JUNCIFORMIS. Clinton group, 
Brockport, N. Y. 
Left-hand specimen, CANNAPORA JUNCIFORMIS. Niagara group, Point De- 
tour, 
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. I. COLUMNARIA ALVEOLATA. Trenton group, St. Joseph's Island. 


alveolaris. Trenton group, Escanaba River. 
stellata. Hudson River group, Drummond’s Island. 


alveolata. Trenton group, Dixon, Illinois. 
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Upper tier, three specimens on left side, CyArHopHyLLUM HALui. Hamilton 
group, Widder. 
Upper specimen in centre, same species, from Thunder Bay. 
Three specimens on the right with more delicate structure, CyATHOPHYL- 
LUM JUVENIS. Hamilton group, Widder. 
Lower tier, two left-hand specimens, CYATHOPHYLLUM ZyPHUS. Hamilton group, 
Long Lake. 


Group on the right side, CVATHOPHYLLUM CORNICULA. Corniferous lime- 


stone. 
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Upper tier, CvATHOPHYLLUM HoucutToni. Hamilton group, Little Traverse Bay. 


Lower tier, --— geniculatum. Hamilton group, Partridge Point. 
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Figs. r and 2. CYATHOPHYLLUM RUGOSUM. Helderberg group, Sandusky. 
Fig. 3. PHILLIPSASTR#@A GiGas. Helderberg group, Mackinac Island. 
4. CYATHOPHYLLUM DAvipsoniI. Hamilton group, Little Traverse Bay. 
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Fig. 1. STROMBODES ALPENENSIS. Hamilton group, Thunder Bay. 
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PHILLIPSASTR#ZA VERNEUILLI. Corniferous limestone drift. 
DIPHYPHYLLUM COLLIGATUM. ae a 


CYATHOPHYLLUM COALITUM. ue a 
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Fig. I. STREPTELASMA PATULA. Niagara group, Point Detour. 
2 ss spongaxis. WS i 
3. CYATHOPHYLLUM RADICULA. a Drummond’s Island. 


Two elongated specimens on the right a somewhat different form. Louis- 
ville, 


4. STREPTELASMA CONULUS. Niagara group, Point Detour. 
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Upper tier, CLISIOPHYLLUM ONEIDAENSE. Corniferous limestone, Falls of the 
Ohio. 
Lower tier, ZAPHRENTIS CONIGERA. Corniferous limestone, Falls of the Ohio. 


Upper central specimen from the Island of Mackinac. 
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BLOTHROPHYLLUM DECORTICATUM, Corniferous limestone, Falls of the Ohio. 
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CHONOPHYLLUM MAGNIFICUM. Corniferous limestone, Falls of the Ohio. 
Two upper and right-hand lower figures, CHONOPHYLLUM PONDEROSUM. 


Hamilton group, Thunder Bay. 
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Figures in upper tier, OMPHYMA STOCKESII. Niagara group, Point Detour. 
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Figures in lower tier, _——— _ verrucosa. 
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Fig. 1. DipHypHYLLUM Huronicum. Niagara group, Point Detour. 
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Figs. 3 and 4. DIPHYPHYLLUM MULTICAULE. ‘“‘ drift. 
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Fig. 1. DIPHYPHYLLUM GIGAS. 
2, ae stramineum. 


Figs: 3,and 4. ——— Simcoense. All corniferous limestone forms. 
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Upper tier, DipHypHyLLUM arcHIAcI. Helderberg group, Sandusky. 
Fig. 4. Same species, from Hamilton group, Thunder Bay. 


3. DIpHYPHYLLUM PANICUM. Hamilton group, Little Traverse Bay. 
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pentagonus. 
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Upper tier, right-hand figure, VEsICULARIA Major. Niagara group, Drum- 
mond’s Island. 
Left-hand figure, VESICULARIA MINOR. Niagara group, Iowa. 
Lower tier, right-hand figure, VESICULARIA VARIOLOSA. Niagara group, Point 
Detour. 
Left-hand figures (Fig. 3), CysTIPHYLLUM NIAGARENSE. Niagara group, Iowa 


and Michigan. 
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Upper tier, CySTIPHYLLUM AMERICANUM, various forms. Hamilton group, Thun- 
der Bay and Widder. 
Fig. 4. In lower tier, same species, from the corniferous limestone. 


3. CYSTIPHYLLUM SULCATUM. Corniferous limestone, Port Colborne, C. W. 
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Upper tier, STREPTELASMA CORNICULUM. Four specimens on left side from the 
Trenton group of Michigan. 
Group of seven specimens on right side found in the Hudson River group ; 
the largest one on Drummond’s Island, the others at Richmond, Indiana. 
Lower tier, upper central specimen, and lowest one in the right corner, ZAPHREN- 
TIS UMBONATA. 
Other specimens, excepting the left outer and the third in the lower row, are 
forms of ZAPHRENTIS STOCKESII, found at Point Detour, in the Niagara 
group. 


The two excepted lower specimens on the plate are not nearer determined. 
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PLATE EIII. © 


Upper ter, Zapaaentis Paomizica. Cormifereus lmmestone_ 
rows Emmestome from various locelites_ _ a 
Falls of the Oo E 


* 
- - 
se 
“ te~% 
_ = 
- + 
= 
>. - 
-~ a s 
« ~~ 
¢ 
é ES 
* 
- Wy 
i n ” 
T sg 
* 
* = i te a 
yi i eon 


aeeAT Bo salve. 


Upper tier, AMPLEXUS SHUMARDI. Niagara group, Michigan, lowa, and Tennessee. 
Lower tier, ——— Yandelli. Corniferous limestone, Michigan and Falls of 


the Ohio. 
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Upper tier, LITHOSTROTION MAMILLARE. Subcarboniferous limestone, Wild Fowl 
Bay, Michigan. 
LITHOSTROTION PROLIFERUM, lowest transverse stem. 
Lower tier, single small specimen to the right, ZAPHRENTIS NODULOSA. Cornife- 
rous limestone drift. 
Group of five specimens to the left of the former, ZAPHRENTIS SPINULOSA. 


Subcarboniferous limestone, Bellevue, Michigan. 
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